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ABSTRACT 


E.  Bollay  AiaociaUi.  Inc.,  Santa  Barbara,  California 
EC(»40MIC  IMPACT  OF  WEATHER  INFORMATION  ON 
AVIATIC»4  OPERATIONS,  Saptembor  30,  1962,305  pp. . 

47  illua. ,  7  appandicaa.  Final  Report  (Contract  No. 
FAA/BRD-410) 

The  Adminiatrator  of  the  Federal  Aviation  Agency  ia  charged  with 
the  reaponaibility  of  aaauring  the  aafe  and  efficient  utiliaation  of  the  nation' a 
air  apace.  Weather  affecta  both  aafety  and  efficiency  and  a  reduction  of  ita 
harmful  influencea  ia  an  important  matter  of  concern  to  the  Agency. 

The  Agency  haa  determined  the  weather  information  required  by  all 
airapace  uaera  during  the  period  from  the  preaent  through  1975  to  produce 
the  maximum  poaaible  reduction  in  weather  effecta  upon  the  uaera  operationa, 
and  la  now  deaigning  the  Common  Aviation  Weather  Syatem  (CAWS)  to  provide 
the  needed  information.  The  implementation  of  thia  ayatem  will  involve  the 
expenditure  of  additional  funda  above  that  preaently  devoted  to  aviation  wea« 
ther  aupport.  It  ia  the  purpoae  of  thia  atudy  to  weigh  the  benefita  to  be 
derived  from  the  CAWS  againat  the  additional  coata  involved  and,  in  ao 
doing,  to  provide  an  objective  meane  of  comparing  the  retuma  to  be  receiv¬ 
ed  from  auch  expenditurea  with  thoae  which  might  reault  from  expenditurea 
for  other  aviation  aupport  functiona. 

Benefit  to  coat  latioa  were  determined  in  two  waya.  The  firat  method 
computea  the  ratio  of  the  preaent  value  of  total  benefita,  through  1975,  with 
preaent  value  of  total  coata;  thia  yielda  a  ratio  of  2  to  1. 

In  the  aeond  imthod  an  annual  benefit/coat  ratio  ia  computed  for  the 
1970-75  time  period.  Thia  ratio,  which  reflecta  conditiona  after  CAWS 
implementation  ia  complete,  ia  3  to  1. 
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ntTRODUCnON  AND  SUMMARY 


TIm  Admialatrator  of  Um  FAA  hot  tho  rooponaibility  to  •••uro  tb* 

•ofe  and  offleiont  otUlaatlon  of  tha  nation's  airspaco  by  all  uaara.  Weather 
affacta  both 'tha  safety  and  efficiency  of  airapacs  usages  the  reduction  of  its 
harmful  influancee  is  an  Important  concern  of  tha  Agency.  The  weather 
sensitivity  of  aviation  oporationa  can  bo  reduced  or  eliminated  by; 

•  Making  air  operations  independent  of  weather  -  through 
all«weather  flight  control  ayatema 

•  Changing  the  weather  to  auit  air  operations  -  by  weather 
modification 

•  Adapting  operatione  to  exiating  and  future  weather  conditions  - 

through  accurate  and  timely  weather  forecasts 

It  is  likely  that  some  elements  -of  civil  and  military  aviation  will  be  indepen' 
dent  of  weather  effects  by  i97S.  but  these  will  be  the  exception  rather  than 
the  rule.  It  la  not  likely  that  die  operational  use  of  weather  modification 
techniques  will  contribute  to  the  reduction  of  weather  effects  by  1975.  For 
these  reasons,  the  present  eraphaeis  in  aviation  weather  support  is  on 
improving  both  the  accuracy  and  accessibility  of  weather  information  given 
to  operational  users  •  pilots,  ground  crews,  dispatchers,  and  the  air  traffic 
control  system. 

The  Agency  has  determined  the  weather  information  needed  by  opera¬ 
tional  users  in  the  time  period  NOW-1975^;  it  is  designing  the  Common 

2 

Aviation  Weather  System  (CAWS)  to  provide  the  needed  information.  The 
satisfaction  of  aviations'  requirements  for  weather  information  is  certainly 
desirable,  but  the  practical  questions  of  its  cost  and  benefit  must  be  answer¬ 
ed  to  give  perspective  to  this  one  need  among  the  many  that  require  finan¬ 
cial  support.  This  report  contains  the  data  that  will  be  required  for  an  ob¬ 
jective  comparison  of  aviations'  weather  support  needs  with  those  of  other 

National  Aviation  Meteorological  Requirements  Through  1975,  FAA,  SRDS,  Oct  61 

2 

Common  Aviation  Weather  System  Design  -  Report  No.  2,  FAA,  SRDS,  Aug.  1962 
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•viAtiOB  VM  ptcMoftt  its  remits  as  tiis  ratio 

sf  seooessic  bsoofits  «f  issptovsd  wsotfcsr  sorvieo  to  tho  tiierraso4  east 
ol  that  strvtes. 

Ftguro  1-1  lUmtratos  the  anslytleal  potii  foUewod  in  tho  study.  First, 
tho  total  woothsr  poaoltlos  to  ovtation  orors  eonputod  ttsinf  statisties  for 
1960  -  ths  most  roeoot  year  for  which  eossplots  data  arc  availablo.  Noxt. 
thoss  poaaltiss  eaassd  by  laads^ttat#  oroathor  iaformation  •  aet  woathsr 
itself,  but  adequate  kaowlodfs  of  ths  weather  •  were  isolated.  FAA  tragic 
deasity  sad  user  speetrun  prejeetieas  were  thea  used  to  forecast  ths 
value  of  the  peaaltiss  ia  the  years  bstweea  1960  aad  1979.  Year  by  year 
beaefits  were  obtaiaed  by  eetiiaatiaf  the  reductioa  ia  peaalties  taat  could 
be  expected  from  CAWS  operation.  Fiaally,  the  beaefits  through  1979  were 
brought  to  a  preseat  value  •  196)  -  so  that  they  could  be  ceaipared  with  tho 
projected  additional  weather  service  cost  through  1979. 

Ths  additional  cost  of  Improved  service  was  estimated  by  suhtractiag 
from  the  projected  year  by  year  cost  of  CAWS  eperatiea  tae  cost  of  the 
present  civil  aviatien  weather  services.  The  differeaee>through  1979  -  was 
then  brought  back  to  a  present  value  at  196).  From  the  benefit  aad  cost  data, 
beasfits/eost  ratios  were  computed  in  two  ways;  first  as  the  ratio  of  total 
benefit  to  total  cost,  aad  secondly,  as  annual  benefit  to  aaaual  cos  t.  These 
results  describe  ia  scoaemie  terms,  not  only  the  total  etfects  of  improved 
service,  but  also  their  year  by  year  variatiea. 

This  study  doss  not  treat  the  eceaomic  aspects  of  military  aviation 
weather  support  because  definitive  service  cost  data  were  aet  available  to 
the  iavestigaters.  The  study  farther  cenfiaos  itself  to  beaefits  that  are 
assessible;  intangible  beaefits  to  other  user  segments  •  agriculture,  shippiag, 
surface  transpertatioa  for  instance  •  were  aet  included,  although  they  will 
be  present. 
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'  NtirurSf  1mA  V  •  •  •'-r: 


Ratio  of  Im¬ 
proved  Aviation 
Weather  Service 


Figure  I-l.  Steps  in  the  Study 
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WEATHER  PBHALTIES  TO  AHtSPACg  USERS 


.  ..’V'’,’".  Th«r*.tr«  thr««  c*t«gori( 

■  ■’■■  Wf  carrier*,  «vi»tion  < 

'■'■'  *■'•&  ..  J  •sr*'<’‘‘‘ .??' -.Vi''  'V.'ti'ni  hittdlriai' -'in  thc.-tat*  of  « 


Thor*,  arc  thro*  cotogorios  of  non-miUtory  oiropoc*  aooro;  commorciol 
hir  corrioro,  gonorol  aviation  and  th«  air  traffic  control  ayatom.-  Th*  woa- 

thor:panaltl*a:auff'orad  by'oach.catogbry  wait*  datorminad  from  actual  opara-  ■  ' 

■'.  ■  .  ;/  ■  ••.•  .•  •. 

ting  hiatoiiaa' -  in  tho.-eaatt  of  air  carriara.  -  or  from  gbvarnmant  atatiatica  • - 
^  *,i*  ’  ■  \  ^  ^ 

fdr;g'(Miaral"aviatibn.'afMl  tho'oir  traffic  control  ayatom..  Thd'aa'panaltiaa  ware-  '  :* > 


^  ^ V’f « -V  .'.>H  .o' :  I u-  "J-. i-' , ■  ' 

-<fV  •jf.'S,*'  -  •  ,>  H.  '  O  >y  g  ^AltornatoUnd  contingancy 

'  i.  'I'',' ■>  •  ,  '..*1-  ■•«-•'.  '  ■ 

>;■;■/ r,v‘ T"T  ■  •  , 

Vi ’  i  .v  Cancollation*.-..,  - 

•  \  ‘  ‘  "i  4'  '  *•  tV  ''M  •..y-?  <•  ^  •  • 

V  1  *. ■.  -  .•  •  ■  •  .  •  »,  ,  »  ‘-v.  " 

v  ■••'*?> .'v  i-f' '  ••  ■•‘f  %  •• 


y  •  t.v'^In-flight  dolaya  unaxpactod  condition*  that  raaxilt  in 

' 

'  incraaaod  flight  tim*  and  higher  direct 

‘c,;.  Ov  •<.  ,  .  •  • 

i  ’"  *  '  4  ^  operating  epata. 

.  APaaaang'ar  dalay*  -  •  ■  •  *4  th*  value  of  paaaangor  tim*  loot  in 
'  i  •  in-fUght  doUya. 

*'•  v/vMaintenanca  dalay*  •’  .  th*  incroaaad  coat  of  off-achadula 

y*;*  r. 

maintenance  oparationa 

•••!  ij'  .  Ct. 

Altarnatetand  contingency  th*  coat  of  carrying  fuel  raaarvea  for 

1^'  ••  . 

,V .  •  ’  '  unaxpactod  vroathor  conditiona 

Diver aiona  -  •-  '  '  th*  coat  of  additional  operating  time 

•  and  paaaengor  eervicoa  whan  acheduled' 

■  .  -aircraft  divert  to  altarnat*  airporta  , 

.'‘Cancallatibaa.-.,  •  .the  rovanu*  loat  whan  a  flight  doaa  not ' 

•V'*M  »  . 

;  .  •  •  operate,  reduced  by  the  direct  . 

■  •  .y  operating  coat  aavad  by  not  flying. 


Tabl*  I-l  aummariaea  th*  air  carrier  loaaaa  in  th*  baa*  year,  1960.  and 
the  projected  loaaaa  through  1975. 


•xxvl 


Talii*  l-l.  WMttar  Lmcm  to  Air  Okrriiivt  (rQiind«4  to 

BMntt  nUlten  doUart) 


Causa 

1960 

1965 

1970 

1975 

In-flight  Delays 

$8. 

$9. 

$10 

$10 

Passenger  Delays 

20 

25 

33 

48 

Maintenance  Delays 

9 

11 

13 

14 

Alternate  and 
contingency  fuel 
loads 

7 

39 

71 

106 

Diversions 

5 

10 

11 

Cancellations 

6 

11 

18 

ToUl 

$55 

$97 

$148 

$207 

Whila  weather  icauiee  a  reduction  in  the  efficiency  of  air  carrier  opera- 
tione,  it  affecte  primarily  the  aafety  of  general  aviation  operation!.  This  is 
shown  in  Table  I'Z.  where  the  cost  of  general  aviation  fatalities  and  injuries 
far  outweighs  the  cost  of  lose  aircraft  or  the  value  of  in>flight  time  delays. 


Table  1-2.  Weather  Caused  Losses  to  General  Aviation 
(rounded  to  nearest  million  dollars) 


Cause 

I960 

1965 

1970 

1975 

Casualties 

$139 

$179 

$223 

$270 

Aircraft  damage 

11 

14 

17 

18 

Delays 

13 

18 

23 

30 

ToUl 

$164 

$211 

$263 

u— — — >J 

$318 
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Milliou  of  OoUaro 


Tlio  sir  trsflle  eostrol  sfstsoi  imss  wostiMr  iafomisttos 

Isrfsly  for  pUsalsf  ysspsMs;  it  dost  uo%  sn^ploy  «sstlM»r  infonnsttoa 
to  optlmlio  Itt  roai  tloM  ^^tsttes.  TIm  •eosenie  lossos  to  svistioa 
esuiod  by  ATC  eporSties  wtdMot  sdoqosto  orostiMr  support  sro  difficult 
to  dstortnino:  thoy  sro  s  fuaetios  of  both  wosttMr  iafomstioa  sud  prosoat 
sir  trsfflc  eoutrol  proeoduros.  Tbs  lossss  duo  to  wsstbsr  csutsd  ATC 
dolsys  woro  ostiiastod  by  first,  compntiBg  tho  vslus  of  sU  ATC  dolsys, 
tboa  sssuniag  tbs  prspoadsrsaes  of  tbsm  to  bo  tsnaiasl  srss  dolsys 
sod.  fiosUy,  sssigoiog  10%  of  tbsss  dolsys  to  wostbor  esusos  sloao. 
Tboso  computstloBS  load,  ia  tho  most  eoasorvstivo  csso,  to  lossoo 
vsrylog  frooa  $t  naillioo  ia  1960  to  $21  nillioo  io  1975. 

Figuro  1*2  shows  tbs  total  projoetod  wostbor  poasltios  to  all  throo 
airspaco  usor  eatogorioo.  Total  lossss  vary  about  liaoarly  botwooa  $225 
nillioo  ia  1960  sod  $550  millloa  io  1975.  Part  I  of  this  roport  diacussas, 
la  dotsil,  tho  woathor-eausod  scoaomie  lossss  to  aviatiOB. 


Yosr 

Figuro  I*Z.  Total  Wostbor  Csuood 
Xeoaonic  X<ossos  to  Airspaco  Users 
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coif  or  cwouEiff  AviATiow  wEATtaem  wamcm 

TlM  WAA  md  Om  0«y»«tm«iit  ct  C«aim«rc«  (U.  8.  WmOm* 

■hftr*  i^wt  AqiMUy  in  (undinf  t?M  enrmnit  etvU  nvtetiOR  wnnthnr  •nrvicn. 

TnbU  1-3  showt  th*  eentn  annoeintnd  witli  naeli  nwijor  fnaetton  of  tiin  ••rvic«< 
wMtfMr  obnnrvntiott.  data  pr«>eaaalnf  and  loracastiag,  praanntiag  predaeta 
to  ttaara  and  eomnmnicatinf  data  within  and  ontaida  of  tha  ayatan.  It  includaa 
vaaaareh  and  davalopmant  and  anp^rting  aetivitiaa. 


Tabla  1«3.  Coat  ol  Cnrraitf  Civil  Aviation  Waathar  Sarvicaa 
(ronndad  to  naaraat  million  dollara) 


Fanction 

FAA 

USWB 

Total 

Obaarvlng 

$1 

$i9 

$18 

Procaaaing 

- 

6 

8 

Praaanting 

4 

3 

7 

Communicating 

14 

2 

18 

Raaaarch  and  Oavalopmaat 

6 

1 

7 

Admini  at  ration 

3 

2 

S 

Total 

$28 

$29 

“■■$57 

Tha  military  alao  maka  appraciahla  contrihutiona  to  tha  civil  aviation 
waathar  aarviea  hy  providing  many  waathar  obaarvationa.  Thaaa  hanafita 
ara  racaivad  aa  an  outgrowth  of  tha  primary  military  praparadnaaa  miaaion; 
thair  coata  ara  not  inehidad  hara  ainca  tha  function  muat  ha  parformad  ra- 
gardlaaa  of  tha  particular  civil  naad. 

Part  II  of  thla  raport  praaanta  an  analyaia  of  tha  currant  coata  of  tha 
civil  aviation  waathar  aarvicaa. 
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TWE  COST  cr  niwuiVBP  AviATaif  wEATiaat  sieyic« 

Imfirevwl  Action  wMtlMr  mppatt  wttt  eo«t  mosty;  tlM  •tii% 

tiM  coat  el  CAWS  tmi^^oMatotieii  to  Setermtae  hew  nracli  Midi* 
tioul  coat  is  involved.  Detailed  coat  eatimates  ware  made  for  each 
major  function  in  the  ayatem  •  observing,  proeasaing,  presanting  and 
communication  -  and  then  grouped  into  two  major  categories.  The 
firat  category  is  equipment  coats,  which  raquira  capital  inveatment; 
the  aecond  category  la  operating  coats  which  include  recurring  items 
auch  as  salariea  and  maintenance. 

Figure  1*3  shows  the  total  estimated  annual  coat  of  CAWS  imple¬ 
mentation  above  that  of  the  existing  aviation  weather  services.  It 
also  shows  the  equipment  and  operating  coats  that  make  up  the  total. 

For  the  purposes  of  this  study,  equipment  costs  stop  after  1970  when 
the  CAWS  will  be  completely  implemented. 
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THK  iKwgrtra  or  iMPnovgo  avutiom  wKATiai  mroniiaTiGN 

TIm  Mart  ttcp  «»t  to  ootiiiMito  tlio  propoftiOB  of  rtio  total  wootoor 
cauood  ponltloo  which  woo  doo  to  look  of  or  iaodoqooto  woodior  taforaa^oo 
ao  oppoood  to  woathor  por  oo.  ond  hoaco  ooacoptlblo  to  rodaction  and/or 
olimination  toroufh  iaaprovod  oeettraey,  tiaMlinooo  and  availability  of 
woathor  information.  Thooo  voluoa  aro  prooontod  in  Tablo  I>4. 


Tablo  1*4.  Total  Looooo  Duo  to  Inadoqaato  Woathor  Informatioi. 
(mllliono  of  dollars) 


Tho  primary  boMfit  to  air  carriora  is  in  rodueing  tho  amount  of 
unoxpoctod  woathor  dolayo  and  tho  nood  to  carry  largo  foal  rosorvos.  Conoral 
aviation  bonofits  moat  from  tho  roduction  of  fatalitioa  cauood  by  VFR  flights 
into  unoxpoctod  I7R  woathor.  An  air  traffic  control  ayatom  oporation  that 
rooponds  to  aceuratoly  known  or  forecast  woathor  conditions  further  reduces 
delay  penalties  to  controlled  flights. 

Tho  study  assumes  that  some  features  of  tho  CAWS  will  bo  implomontod 
in  1963  and  that  tho  system  will  oo  fully  implomontod  by  1970-71.  Tho  bonofits 
of  tho  system's  oporation  will  lag  its  implomontation  bocauss  airspaco  usors 
will  rsquiro  somo  time  to  tako  advantago  of  tho  systom  porformanco  in  thoir 
day*to«day  oporations.  Ao  airspaco  usors  progrossivoly  a^y  tho  improvod 
woathor  information,  too  nation  can  sxpoct  too  oconomie  bon^its  shown  in 
Figure  1«4. 


Fie.  X-4.  ESTIMATEO  TOTAL  DOLLAR  BENEFITS  FROM 
IMPRO^MENTS  IN  AVIATION  WEATHER  SERVICES 


BENlilT/COgr  KATIQg 


ratio*  or*  o  eoavooio^  nay  to  oaprora  tii*  compartaoa 
botwooo  tho  rotara  on  aa  oeoaotale  oxpoadttar*  aai  it*  eo*t.  ‘Rii*  *tody 
pr***nt*  b«aafit«eo*t  ratio*  compatad  ia  two  way*. 

la  th*  firat  motltod,  th*  total  valu*  of  boiwfit*  and  coat*  for  aach 
year  1963  through  197S  i*  converted  to  tho  preaent  value,  1963.  throi^h 
use  of  the  cumulative  interest  formula.  The  benefit -to -coat  ratio  compiled 
in  this  manner  yield*  a  value  of  2.  0. 

In  the  second  method  aa  average  annual  benefit-to-coat  ratio  is 
computed  for  the  years  1970-197S.  This  value,  which  represents  conditiona 
after  implementation  of  the  CAWS  is  complete,  is  3.0. 

Part  ni  of  this  report  examines  in  detail  the  cost  of  improved  aviation 
weather  service  and  the  benefits  of  such  service  and  then  makes  benefit/ cost 
comparisons. 

Figure  I-S  presents  th*  annual  coats  and  snnxutl  benefits  through  1975 
due  to  CAWS  implementation. 
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PART  1 


PBNALTim  turn  TO  WEATHER 

AIR  CARR[|»  PBHALT1E8 
0«ii»iml  Con>i4T>tion» 

1 .  la  Flight  and  Oa  Crouad  DaUya 

a.  la  Flight  Dalayt 

b.  la  Flight  Caiaa 

c .  Oa  Crouad  Dalaya 

Z.  Paaaaagar  Tltno  Loat  dua  to  Dalaya 

a.  Coat  par  Paaaaagar  Hour 

b.  Coat  of  Paaaaagar  Dalay 

3.  Malataaaaca  aad  Crouad  Support 

4.  U.  S.  MailOaUya 

5.  Altaraata  aad  Coatiagaacy  Fual 

6.  Cancallatioaa 

a.  Number  of  Cancallatioaa  dua  to  Weather 

b.  Interrupted  Trip  Bxpanaa 

c.  Coat  of  Cancallationa 

7 .  Dlvaraiona 

8.  Off-Loading  Dua  to  Elevated  Ruaway  Tamparaturaa 

9.  Sumnnary  of  Total  Panaltiao 


I»  lliii  ••€*!««.  th«  «»rlCNM  pMMktktoa  lamrvM  by  ^  sir  cmrH»n 
Am  t»  witftw  «•«•••  bav*  b««i  Maatlftad.  nMM  y«aaltt««  nag*  ov«r  a 
broad  apaetrwn,  cevariag  aueb  itoma  aa  taradaai  aad  anroota  dalaya.  tba 
earrytnt  of  altaraata  aad  contiagoacy  faal  raaarvaa  aimacoaaarUy.  off- 
loadiag  of  ravaaaa  cargo  duo  to  alavatad  tanparaturaa,  dlaruptiooa  to 
malataBaaea  aebadoliag.  ate. 

For  aaeh  paaalty  ao  idantiftod,  a  quantitatlva  aatimata  waa  made  of 
the  aeoaomie  loaa  to  the  domaatic  air  carrlara  aa  a  whole  aa  wall  aa  Aa 
loaa  to  the  travalUag  poblic.  la  thia  aaetion.  Aa  paaaltlaa  impoaad  by 
weather  la  all  ita  aapacta  ware  avaloatad.  Sacoadary  atfacta,  auch  aa 
Aa  affect  of  weather  oa  Aa  ATC  ayatam,  have  baaa  atadlad  aaparataly 
aad  are  praaaatad  la  Part  1.  C.  of  the  report. 

To  evaluate  Aa  affect  of  potaatAl  improvamaata  la  Aa  avlatioa 
waaAar  aarvlea,  It  waa  Aan  aacaaaary  to  axamlaa  each  paaalty  aad  aaparaA 
from  the  total  that  portioa  uddeh  waa  Aa  raault  of  lack  of  or  iaadaquato 
waaAar  iaformatioa.  Thla  portioa  of  Aa  aaalyaia  haa  aot  baaa  attempted 
la  thla  aactloa  but  la  praaaatad  la  Part  ni  B. 

la  maklag  projactioaa  of  Aaaa  paaaltiaa  Arough  Aa  year  1975,  heavy 
raliaaca  haa  bean  placed  oa  Aa  foracaata  of  air  carrier  activity  in  that  period 
prepared  by  Aa  Fadaral  Aviation  Agency.  ^ 


^"Foracaata  of  Air  Traffic  Activity,  CGNUS  1960.197S*',  Traffic  Analyaia 
Branch,  Aviation  Raaaarch  and  Davalopmant  Service,  Fadaral  Aviation  Agency. 
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PART  I 


PXNALT1S8  OUK  TO  WSATMSR 


AUt  cAiiixx  nncAJUTiBs 


1.  mi  Om^Qtwnd  P«liiHi 

a.  la-FUflU  Oalayt 

Bach  year  the  air  earriara  iaeur  4alaya  ia  fUfht  aAich  ara 
cauaad  primarily  by  waalhar  factora.  Tha  daviationa  from  aatabliahad  fUi^ 
aehadttlaa  can  rafUet  othar  iaflaaaeaa  aoch  aa  tha  ralatiaa  "tightnaaa"  of  tha 
achadula.  and  tha  typa  of  aguipmant  floam.  Ia  thia  aactioa  oaly  dalay  ia  tha 
actual  flight  aagmaat  will  ha  coaaidarad;  oa-grouad  dalaya  will  ha  diacuaaad 
in  a  aubaaquaut  aactioa. 

Airliaa  achadulaa  ara  uauaUly  eoaatruetad  from  tha  aircraft 
apacificatioaa  aftar  cuatomar  damaad  ia  projaetad,  aad  ara  farthar  tailorad 
to  raflact  cartaia  kaowa  oparatiag  affacta  of  aueh  paranaatara  aa  local 
waathar.  ATC  problama,  fiald  or  ramp  coagaatioaa.  gata  availability, 
locatioa  of  grouad  aupport  aqoipiaaat,  flight  craw  raquiramaata,  aad  maiata* 
naaca  achadulaa.  Tha  aehadula  ia  ralaaaad  aad  tha  oparatiag  parforaiaaca 
obaarvad.  Aftar  aoma  oparatloaal  axpariaaea,  tha  aehadula  caa  ha  ra> 
examiaad  aad  rafiaad  to  raflact  "thd facta  of  Ufa"  for  aach  aagmaat. 

FlaxibiUty  ia  achaduliag  ia  uaaful  aad  aacaaaary  for  tha 
quality  of  tha  product;  howavar  it  ia  alao  axpaaaiva.  For  axampla,  oaa  miauta 
of  "flaxibility"  or  "pad"  built  iato  tha  1960  achadulaa  for  aach  turbojat  flight 
would  have  coat  $1.  Hi,  000  par  yaar^.  Thia  la  aa  axpaaaa  aot  likaly  to  bo 
ovarlookad  by  air  carriar  oparatora.  A  aehadula  producad  diraetly  from  tha 
oparatiag  maaual  of  tha  aircraft  raraly  maata  tha  raquiramaata  of  raliabla 
aarvica  bacauaa  of  tha  maay  othar  factora  iavolvad,  aoaaa  of  udileh  ara 
eapablo  of  modificatioa,  udUla  othara  ara  iaharaat  ia  tha  ayatam.  Tha  aaeaaa- 
ary  aehadula  "pada"  caaaot  ba  raducad  ualaaa  aoma  of  tha  dalaylag  paramatara 
thamaalvaa  ara  raducad  or  at  laaat  mada  mora  pradietabla  or  eoaaiataat. 

T . . . . 

Citad,  pg.  1.  la  1960  Turbejata  mada  100. 000  fUi^.  Oaa  mianta/fUght  « 

1676  hra.  From:  CAB  Form  41.  Summary.  Calandar  year  I960.  Wai|^Aad  Ovar> 
all  Hourly  Oparatiag  Coata.  Turbejato  $960.  Laaa  Hourly  Fual  Coata  $229,  Nat 
$739.  Thua:  $739  a  1676  hra.  >  $1. 219. 000 


Mqr  4*lay,  NfftttfUf*  «i  MM*.  r*pr*t*M* 

*  i*i4«lt*B  ifmm  fkumti  ittUiMtlon  of  th*  *lrct*ft.  ftMlMteaUy,  a  *clMial*4 
•tveMft.  d*l*yMI  •Afoot*  fet  aay  can**.  olttanaMly  !*•••  It*  eayacity 
for  pro4««ia|  r*v*oa*  to  th*  oxtont  of  tiM  <l*lay. 

Doviatton*  Iron  *011*401*  4»*  to  woothor  factor*  ar*  a  prim 
aroa  for  r(rflBla(  air  earrior  oporatioo  aod  miainiiainf  oporatiooai  oxpon***, 
throofh  tlM  applieatiea  of  moro  aceorat*  woathor  forocaat*  to  tlio  oporatiooai 
ptanoiag  fuaetioa*.  Uoioairabl*  offoeti  eao  b*  oaiainiiBod  aod  potootial  gala* 
can  bo  roaliaod. 

lUPortod  Dolay* 

Th*  primary  mathor  parpmotor*  affoeting  flight  aro; 

•  Wind*  aloft 

•  Tttfbttlooe* 

4  Sovor*  oroathor  aroa*  (*quall*,  tboad*r*torm*) 

•  Altitad*  cbango* 

•  Tomporaturo 

•  Icing 

Wind*  at  crttiaing  altitude*  of  turbojot  airliner*  (25. 000  to 
39,  000  f**t)  can  a**um*  conoidorabl*  magnitude*.  Th*  well  known  "jet  etreame" 
ar*  found  at  the**  altitude*.  They  ar*  large  band*  of  air  current*  with  a  high 
*p**d  core  where  peak  velocitie*  near  300  knot*  have  been  ineaeured  and  with 
average  velocitie*  ranging  around  190  knot*  in  the  winter.  During  the  eummer 
month*  the**  velocitie*  are  coneiderably  lower,  averaging  50>75  knot*. 

Appreciable  delay*  from  eehoduled  flight  time*  due  to 
advoree  wind*  are  experienced  by  carrier  flighte.  eepecially  on  longer  haul 
tripe.  Convereely,  time  gain*  could  be  roaliaed  through  accurate  knowledge 
of  the  location  and  inteneity  of  euch  wind*.  Howevor.  duo  to  echoduling  problem*, 
gate  availability,  etc.  arrival  ahead  of  echedule  1*  undeeirable  and  normally 
avoided. 
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TWJlwitac#  ftMM  •■cwnUMd  Mumtlt  itfa»Uy  rcfotr*  tiM 
•Itptut  tolM  ttowtd  do«m  for  rtrMMM  Of  pM««i««r  em^orirnpUtMto 
ndae*  for  airerrlt's  fast  loads.  Thaso  «»y  ko  sv^dod  l»y  ro-roi^tag  «r  by 
ehsiifo  of  sltitado  if  known  in  odvnnco.  Arons  of  clonr  sir  taibolonco  nt 
present  ennnot  bo  foroenst  nccurstoly,  except  in  n  probabilistic  fashion.  Air* 
croft  con  only  bo  foro*«amod  by  other  fli^s  pnseinf  through  these  regions. 

In  addition  to  the  delays  resulting  from  reduced  airspeed, 
turbulence  produces  other  penalties  such  ns  passenger  injuries  and  aircraft 
damage.  These  items  are  considered  separately  from  the  purely  operational 
losses  and  are  dealt  with  in  another  section. 

Severe  weather  areas,  such  as  squall  lines  or  thunderstorms 
must  be  circumvented  •  ice  they  constitute  severe  hnsards  to  safe  flight.  This 
causes  an  increase  in  flight  time  with  resulting  late  arrivals. 

Altitude  changes  are  frequently  required  by  aircraft  to  avoid 

weather  hasards. 

Temperature  deviations  from  forecast  values  affect  engine 
performance  and  can  result  in  loss  of  thrust  and  a  corresponding  reduction 
in  speed.  In  comparison  with  winds  and  turbulence,  the  temperature  factor 
in  flight  delays  is  relatively  unimportant. 

Ic^  in  clouds  is  likewise  of  secondary  significance  for  the 
present  turbojets.  However,  it  can  cause  me  asuroble  delays  for  propeller 
driven  aircraft  and  still  poses  a  serious  safety  problem  to  this  type  of  aircraft. 

In  this  analysis  of  the  effects  of  weather  on  in-flight  perfor¬ 
mance.  reported  data  have  been  used  from  a  total  of  Z70,  37t  piston  fUglUs 
and  5S,  OSS  turbojet  flights  of  a  domestic  trunk  carrier.  This  carrier,  because 
of  its  extensive  operations,  both  north  and  south  as  well  as  east  and  west,  com¬ 
prising  both  local  as  well  as  trunk  line  operations  over  a  large  segment  of  the 
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0.  S.  t  MfSVMnIMttv*  of  U.  §.  air  emrriar  aparationa.  It 

It  e«wi*M*r«4  oM  of  flio  loeft  Mcooftto  •eoreoo  avaUaMa  for  ^o  iafov 
naHMi.  From  tiMoo  data,  Aa  evor*«U  offocto  at  waaihar  factor*  on  Ib> 
flight  porformaae*  of  th*  domostle  air  carrier*  have  boon  **tiinat*d. 

Dotailod  pilot  report*  war*  coUoctod  on  in-flight 
delay*  eau**d  by  woatbor  factor*.  In  completing  thi*  delay  analyei*  form, 
tilM  pilot  of  the  aircraft  reported  actual  gain*  and  lo****  for  each  flight 
•*gm«Bt  du*  to  each  factor*  a*  wind*  aloft,  altitude,  turbulence,  detour, 
temperature  and  other  parameter*.  The  period  during  wMch  theae  report* 
were  made,  extend*  over  1  1/2  year*,  from  January  1960  through  July 
1961.  The  combination  of  abort  haul  a*  well  a*  long  haul  flight*,  both 
piaton  and  turbojet,  flown  by  thi*  carrier,  and  the  method*  uaed  for 
reporting  the  delay*,  provided  a  rational  baei*  for  applying  the  data  to 
the  total  U.  S.  domeetic  carrier  operation*. 

Figure  1  ehow*  the  weather  delay*  expreaaed  in  minute* 
per  flight  and  in  percentage  of  average  flight  duration  for  turbojet  aircraft 
during  the  period  from  January  1960  to  July  1961.  Since  thi*  particular 
carrier  wa*  at  that  time  inaugurating  it*  fir*t  turbojet  flight*,  th*  total 
number  of  flight*  per  month  i*  ***n  to  increae*  from  a  low  of  634  in 
January  I960  to  6219  in  June  1961.  Along  with  thi*  increae*  in  activity 
the  curve*  of  weather  delay*  ehow  a  decreae*  and  a  eubeequent  leveling 
off  in  th*  period  September  I960  to  July  1961. 

Figure  2  ehow*  th*  weather  delay  for  propeller  aircraft 
operation  of  th*  earn*  carrier.  Thee*  delay*  reveal  a  clearly  diacemibl* 
eeaeonal  pattern  with  a  high  in  the  February-hlarch  period  and  a  low  in 
th*  eummer  month*  from  July  to  October.  Since  thi*  analyei*  endeavor* 
to  compute  annual  coat  figure*  rather  than  eeaeonal  breakdown*  of  coet*, 
th*  average  delay  over  a  repreeentativ*  on*  year  period;  July  1960  to 
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lET  AIRCRAFT,  ENROUTE  DELAYS  CAUSED  BY  WEATICR  RSR 
U.  DOMESTIC  AIR-CARRIER.  JAN.I9SO  -  MJT  ItSI 


Jttly  IMil  ^  bMB  «onqpttt«4  m4  ttMd  to  ««it  Mttmitmit 

Hi*  jly«  to*  *v*i«t«  4*toy  piv  <«**  >U  AtopM[[tt*iiay 

to  tot*  Maiitf  to*  BctuAl  fUglit*  4*toy*4t  «ltl  ito  eomitotnkl  wito  to*  »*«ng* 
d*toy  y*r  d*toy*4  flight. 

Th*t«  w*ato*r  datoy*  p*r  flight  ar*  aomawhat  conaarvativ*, 
•inc*  toay  war*  computad  from  oparatioaal  racord*  of  a  major  trtuik  carriar 
with  a  wall-ataffad  mataorologieal  dapartmant.  Soma  of  tha  trunk*  and  most 
of  tha  thirtaan  local  carriara  have  no  mataorologieal  sarvicaa  of  thair  own 
and  conaaquantly  do  not  hava  this  advantaga. 

Tha  total  in-flight  dalays  dua  to  waathar,  projactad  ovar 
the  domaatic  air  carriar  flaet  in  1960-1 96 l.-amountad  to  2632  hours  for  tha 
tutoojet  flaat  and  41,890  houra  for  all  typas  of  propallar-drivan  aircraft, 
including  turboprop*.  Tha  ralativa  parcantagaa  of  tha  total  losaastou  to 
the  individual  waathar  factors  indicate  clearly  tha  prademinanc*  of  tha 
wind  factor.  This  factor  accounts  for  77%  of  all  waathar  delaya  for  both 
turbojets  and  propeller  aircraft.  These  delay*  constitute  a  net  value  in 
which  both  tha  delaying  affect  of  head  winds  and  the  limited  offset  from 
tail  winds  has  been  taken  into  account.  Turbulence  accounts  for  only  11.  S% 
of  the  turbojet  delays  and  for  15.  8%  of  the  propeller  delays,  while  altitude 
is  the  reason  for  some  6-7%  of  in-flight  delays  Cor  both  prop  and  turbojet. 

Temperature  and  change  of  altitude  are  relatively  minor 
delay  factors.  Efforts  to  reduce  their  impact  are  of  lass  importance 
especially  since  change  of  altitude  is  more  often  datarminad  by  ATC  conai- 
derations,  and  temperature  is  at  present  fairly  accurately  forecast,  mea¬ 
sured  and  reported  anroute  by  aircraft  in  flight.  Temperature  delays  account 
for  only  4.  5%  of  tha  total  waathar  dalays.  A  breakdown  of  total  hours  of 
in-flight  delay  by  equipment  and  by  waathar  factor  is  shown  in  Figure  3. 
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Is  tBwyitit  maummde  «ff«ete  «f  ikpit  tfateya. 

Ihi  fivMk  M)  aifiMbi  «f  t^tllac  Mays. 
iaiM  of  tti*  4*l«f •  an  ewatoftelaaeai  by  fiMlM  m  te  mum  fti^, 
tamMdyim  ia  m-mIwM*  arrlvalt  af  4m  •tvamll.  OdMva  pfoAtca 
dalayai  artlvala  to  Iba  axtaMt  al  4m  raportad  dalay.  A  loaa  dua  to 
taabalaaea.  far  aicaaapla,  eaa  ba  aaada  «p  for  tha  aana  fl^ht  if  4Mra 
ia  a  corraapaadiBc  daa  to  favorabla  winda.  Coavoraaty,  tba  loaaaa 
from  all  eattaaa  for  a  parttcular  fli^  eaa  bo  caaaalattva  aad  raaalt  ia  a 
groaa  dalay  ia  arrival  tiiaa. 

A  aarvay  araa  aaada  af  tba  dalay  raporta  ia  ordar  to 
arriva  at  aa  aattmata  af  tba  pareaataga  of  loaaaa  eaaatar-balaocad  by  a^va> 
laat  galaa.  Tba  roaolta  iadicata  4Mt  approaiaaataly  2S%  of  4ia  tripa  axpari- 
aaeiag  loaaaa  will  bava  4kaaa  loaaaa  offaat  by  tba  gaiaa  cm  tba  aama  fli|d>li 
4m  raoBaialag  75%  will  raaalt  ia  dalayad  arrivala.  Aeeordiagly.  4m  raportad 
loaaaa  ara  para  loaaaa  oaly  to  tba  astaot  4Mt  4My  cauaa  a  lata  arrival  for 
tba  particalar  trip.  Ia  arrlvlag  at  a  rapraaaatattva  acoaomie  paaalty  for 
aacb  ia«fligbt  dalaya,  75%  of  tba  loaaaa  raportad  will  ba  ceaaidarad  bara 
at  tba  foil  oparattag  coat  of  4m  aircraft. 

Tbara  ara  otiMr  uadaairabla  affacta  from  waa4iar  dalaya 
vddcb  iadicata  that  tbia  procadura  OMy  uadar-aa4mata  tba  poaaltiaa.  lo« 
flight  dalaya  aot  ooly  affact  ooa  particalar  flight  bat  axtaod  to  coanacttag 
fligbta  aa  wall.  Tbara  ia  fratpianUy  a  cbaia  affact  opoa  ftitara  aircraft 
acbadalaa,  which  offact  taay  axtaad  ovar  parioda  of  aavaral  daya.  Tbia 
factor  baa  baaa  oaaittad  bara,  aiaca  ao  rapraaaatativa  data  ara  available. 

Ob  tba  baaia  of  tba  abova  praaaiaaa,  tba  aat  drtlar  coata 
of  ia«flight  dalaya  daa  to  waaUtar  of  tba  U.  8.  dooMattc  carriara  ia  IHO 
caa  ba  calcolatad.  Avoraga  boarly  eporatiag  coata  of  $9d0. 00  for  taibojata 
aad  $520. 00  for  piatoe  aircraft  bava  baaa  coaopotad  from  CAB  ■ttmaaarv  Form 
41.  Calaadar  Taar  IHO,  Doaaaattc  Oparattoaa.  (Saa  Appaadir  B).  Tbaaa 
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I»ta  tam  nodH^  by  cliniiMtlif  •& 

ttttofcl  imiwtwiwiM  ieb«bi  Mi  Wk  df  gti^ftlMiSQV 

of  tt.  6%,  tft  Oftev  to  ntoki  towot  appItoAto  to  ia<4aght  Maya.  (Tabta  1, 
ealmma  3.)  Molllptylag  tbtaa  bevrty  cMto  by  Hm  total  boars  ot  telay  ta 
1960  yiolda  too  total  dollar  loaooo  doo  to  ia*Algbt  dolayo  la  1960,  Tablo  2. 
Torb^rop  aircraft  woro  laeludod  la  too  prepollor  drivoa  eatogory  boeauoo 
of  tholr  olnllarlty  la  oporatlag  eooto  as  wall  aa  parfonaaaeo  to  sons  of  too 
hlghar  parfonaaaea  platoa  aircraft. 

b.  la-FUght  Oalas 

Uppor  air  haad  winds  which  caaaa  dolayo  oaroota  la  oaa 
diraetlon  will  bo  tail  winds  and  shortaa  ths  flight  tlnao  in  too  opposlta  diraetion. 
Tha  flights  primarily  affactod  am  tha  Baat-Wast  traaseontlnantal  trips 
bocaasa  of  tha  fbet  toat  too  jot  straama  have  a  pradonlaataly  West  to  Bast 
eompoaant. 


Tabla  1.  Total  Olract  Oporatlag  Coats 

For  dolayo  la  flight  and  ATC  dalaya  tha  antira  dlract  oparating  coot  par  hoar 
la  radacad  by  eao  half  tha  dopmclatlon  and  all  of  tha  Indlmet  malatananca  coats. 
For  divaralOBs,  tha  aatlra  dlract  opamtlag  coats  am  uaad.  Tho  following  tabla 
mflacta  thoaa  mfiaamonts. 


%  Total 
Direct 
Oporatlag 
Coatl 

Direct  Opor. 
Cost/Hear 
from  CAB-41 

Hourly  Coat 
Dalayad 

Flight  %  Total 

Hourly  Coat 
Divorslea 

Craw  Salary 

•.S% 

100% 

100 

S.l 

100 

s.s 

Inaamnco 

IS.  6 

100 

100 

IS.  6 

100 

19.6 

Faal 

23.9 

100 

100 

23.  S 

100 

23.  S 

Dlract  Maiataaanea 

19.2 

100 

100 

19.2 

100 

19.2 

Indirect  Malatananca 

10.0 

100 

0 

0 

100 

10.2 

Dapmeiation 

22.9 

100 

mSmm 

11. S 

100 

22.9 

TOTALS 

100% 

100% 

71.6% 

100% 

‘sca  Tabla  5. 
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WmUmt  -  9.  •*  Owjiiattc  liivtto**. 

ifM .  mi 


V 

- Brom - 1 

Nat 

Oalapt 

Hourt 

Optratiita  Coat 
par  Hear* 

HatDalay 

Ceatt 

Turbejot  Aircraft 

Wiadt 

1937 

$799 

$1, 140.000 

Altltoda 

121 

91,000 

Turbttloaco 

227 

171,000 

Toaoporaturo 

71 

94,000 

TOTAL 

1994 

$1,476,000 

PrepoUor  Aircraft 

Wiadt 

21400 

$292 

$9,  393,000 

Altitude 

2300 

980, 000 

Tuibultact 

4940 

1,  290, 000 

Tomporaturo 

•  •  •  • 

TOTAL 

20440 

$7, 223, 000 

^78. 6%  of  total  diroct  oporattag  coot;  too  Tablet  1  aad  5. 
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ttm,  twmmiwfiiial  am  Utw  aiwaOji  at  wrtitof  <»ia4i  riaft 

ky  JWilSiM#  MtectlM  Cf  AlHtMte  MNI  Nttlti^lS  I*  IMt 
ttaMi  wr  dMffMM  liMt  coawmipHwi  Mm  tclKdaUd  ftt||d  diinttmi. 
nw  aMM  ftlM  t*  Koadi»lwiHi  lll|^  k«t  to  •  mueli  naoUor  d^roo. 

It  la  poaalMa  to  maha  oao  of  iavoa^lo  odad  conditiOBa  alaoNiltaaooaaly 
oo  flt^da  te  ofpoaito  dlrocttooa.  Moro  aaemnto  foMeoatlag  will,  for  tita 
aaeat  iMtrt,  dotonBlna  tta  oatoat  to  addeh  dda  aitaatloo  eaa  ba  uaod  to  ad« 
aaataga.  Wlator  aad  aaaiaaor  acbadolo  ebaagoa  alao  roflaet  thaaa  adad 
eoadlttoaa. 

Howaaar.  la  actaal  airllaa  opoaatioB  a  faaorabU  wiad 
coaditioa  loadiag  to  aa  aarly  arrival  la  aot  aocaaaarlly  a  para  gala  altbar 
la  dollar  aavlaga  or  la  eeavoalaaea  to  tha  travalllag  public.  Tbo  blgb  coat 
of  gato  poaltloaa  aad  tbalr  Uaaltod  aaaabar  praeladoa  fraa  uaa  of  thaaa 
facllltlaa  by  aarly  arrlvala.  Oaaarally  tha  gata  poaltiooa  ara  aebadalod 
Juat  aa  eloaaiy  aa  tha  aircraft  tboy  aarva.  Haaea.  aa  aarly  arrival  aoay 
laad  to  raaap  ccaagaatlea  aad  ea-tba>apet  ravlaloa  of  tha  gata  acbadaliag. 

It  asay  alao  raault  la  a  coatly  cbala  affoct  axtaadlag  to  aaalBtaaaaea.  cooaac> 
tioaa  lor  othar  lUghta,  aad  to  many  otbar  oparatlooal  aapacta.  Aa  aarly 
arrivlag  aircraft  aauat  than  aithor  ba  bald  la  tha  air,  addch  la  Impractical 
for  tha  tarbojat,  or  muat  bo  hold  alaowhara  on  tha  flald  until  ita  achadulad 
gata  la  avallabla.  Klthar  arrangonant  la  coatly.  Moroovar,  aalarlaa  of 
craw  mambara  aad  othar  dlract  oparatlng  aKpanaaa  ara  ganarally  cemputod 
on  tha  baala  of  aatabUahad  flight  achodalaa  and  no  aavlnga  would  accrua  from 
aarly  arrlvala.  Malatananca  coata  ara  raroly  raducod  la  achadulad  oparatioa 
by  aarly  arrlvala.  Schadullng  of  aarvica  chocka  playa  an  Important  part  In 
ttda  factor  aad  a  aarloa  of  aarly  arrlvala  may  oaly  dlctata  a  pramatura 
malatonaaca  porlod  baforo  It  la  legally  raguirad. 

Tha  faetora  liatod  abova.  baaod  on  atatamaata  of  qualiflad 
airlina  oparatlona  poraonaol,  asplala  tha  fact  that  aarly  arrlvala  ara  not 
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MMf  M3inta||§  tiMNirt  mm#  Mmmi 

WmrH^P*  PMPwVHm^PV  mVwWVWVpWP  •  VlPHp  WPini^  HWVWHif '  4Mi  WKKM>  Wm  Wj 

»  itewyiiwi  a<  gwat  f twiclf  fwHiMMk  JImmm«  af  Hmm  iMtoM, 

•  awnbar  af  Mr  cavtiara  iaMnat  ftlala  laaittafa  to  pafc'Ua^a*  acba*ilaa»  to 
va4aca  eaaiatag  apaaia  av  altato  toa  atoaaall  to  aliltadaa  af  lowar  faal 
caaaaaapaioa  to  eaaaa  af  aayactai  aaiaa»aaba<aia  aratoala.  A  Urn  kay  rotoaa 
aaa  coaaldarad  "fiaaball  aaatoa*'  baeaaaa  af  eaaapatlttoa  aad  toa  yraattga  valaa 
aad  ara  flowa  for  eatotonua  tlaaa  rafaafUaaa  af  Aial  aoaaaanad. 

Aeeoffdii^y.  lavotaMa  wtaia  yrodaaa  algalficaat  aeoaemie 
gatoa  only  to  too  oatoal  toat  toay  otfoot  Mayo  oa  a  partfealav  flight. 

Hewovor,  tha  aot  offoet  of  too  galao  aad  lotooa  from  wtada 
could  uroU  iuggoot  aa  araa  of  potoatlal  ochodalo  rofiaoaioBt  oiaeo  too  flaetua* 
tioaa  abovo  aad  batow  acbodalad  fllgbt  ttaoao  dotormlao  too  ttgbtaooo  of  too 
aebodolo  aad  aceordlagly  affaet  too  coot  of  oporattoa.  Aay  oelid  radaetioa 
to  schodulod  tlmoo  roaolta  to  a  corroopoadtog  ocoaomic  boaafit. 

e.  Oa*Gro«ad  Dolayo 

Prior  to  tahO'oCf  aad  aftor  laadiag.  aircraft  aro  froqooatly 
delayed  on  too  grouad  duo  to  wootbor  factors.  Aircraft  uraitiBg  for  weather 
improvomoat  or  aircraft  naablo  to  unload  alter  landing  boenuao  provioua 
miremft,  which  uroro  doUyod  by  wonthor,  occupy  the  nvniUblo  gatoo,  auffor 
on-ground  delays  which  result  to  dirset  end  indirect  dollar  looses.  Among 
too  direct  oporatlag  coats  aro  stowardoos  salaries  aad  aay  fuel  coasumod 
daring  possibls  idling  of  the  oagiaos.  Among  too  indirect  coots  aro  posoongor 
delay  time  and  loss  of  nlrcmft  ntilisntion.  The  former  items  ore  smell  in 
comparison  with  loot  pnasoagor  timo. 

Loss  of  aircraft  utlUaatioa  duo  to  wonthor  dolayo  oa  too 
ground  will  result  in  loss  ^  roronus  to  the  particular  carrier  iavolvod  but 
not  to  too  industry  as  a  whole,  since  it  has  boon  asoumod  that  the  passengers 
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wiU.  nlrtpia  t»Mi ipirtm—  •te  wygtor  fai  Mo«wwMr« 

<Mi  —  wwiitfalliea  pI  <rtty  <taa»  Hi*  ywatfag  fam«r  aitcwlt  aittiiMittwi 
niM  «tU  nHiwmriy  gtt«iy  MMItUnfel  •iMult  to  wter  to  moot  fidtttolM# 
■riiodoloo.  From  Ais  otOMAotat  eopitol  oofioo4ititvot  aiU  bo  iaeomKl  so 
0  vooolt  of  tho  eo«f  noad  doloyo,  bat  It  boo  oot  bo«»  eoooidorod  fooolblo 
to  ootinoto  tbo  eooto  inootvod.  Aeeofdlimly,  tbio  typo  of  wooAor  doUy 
odll  oot  bo  loelodod  oo  o  ponolty  to  tbo  oir  eorrior  ioduotry  bvt  only  to  Ao 
pooooBforo. 

A  OM  yoor  ooolyoto  of  Ao  oono  tfuab  eorrior  oporotieno 
aoo  modo.  Uotiof  oU  grooad  doloyo  d«o  A  wooAor  eooooo.  Tbooo  doUyo 
woro  rodttcod  to  prepor  aaito  of  ntauAo  doloy  por  fUgbt  aod  oppUod  to  oU 
U.  8.  domootie  eorrloro. 

Oror  292, 000  fUfbto  won  roeordod  for  Aio  eorrior 
boA  piotOB  00  wrtl  oo  taAoJot  oporottooo  for  tbo  yoor  1960.  Tbooo  figuroo 
oro  tbowa  io  Toblo  3. 

Tbo  wootbor  giDuad  doloyo  for  oU  fligbto  ovorogod  0. 7 
nifuatoo.  A  total  of  1. 35%  of  oU  fligbto  woro  doloyod  by  wooAor  wiA  oo 
ovorogo  57  miantoo  por  oocb  doloyod  flight. 

Uoiog  tbooo  doloy  ovorogoo  for  projoetioo  ovor  tbo  ontiro 
domootie  oir  eorrior  floot,  Ao  total  ground  doloy  duo  to  wootbor  eouooo  in 
1960  woo  46, 700  houro  for  pr^Uor  oireroft  oad  4, 970  booro  for  tuAoJoto. 

Toblo  4,  obowo  tbo  prejoetioao  of  tbooo  boaro  to  1975. 

d.  Projoetod  WooAor  Doloyo  to  1975 

Tbo  total  doUor  looooo  duo  to  wooAor  doloyo  in  flight  ond 
on  ground,  hovo  boon  ootimotod  for  tho  poriod  1960/61.  Ao  dioeuoood  on  pogo  17 
no  ponoltioo  to  tho  eorrioro  wUl  bo  ineludod  for  ground  doloyo.  Tbo  eomputa* 
tiono  oro  boood  on  Ao  foet  Aot  oueh  oporotiag  doloyo  oro  o  diroet  function  of 
Ao  total  numbor  of  flight  bourn  during  Aot  poriod,  i.  o. ,  Ao  timo  of  oxpoouro 
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3.  RtperMd  WMtiMr  Orottod  Otlayt  IHd  from  itoprotontetiv* 
Oomoatic  Air  Carrtor 


Month 

Total 

%  Delayed 

Total 

Delays 

Average 
Minutes /Delay 

Total 

Minutes 

1960 

January 

22.446 

2.6 

580 

54 

31,500 

February 

22, OSS 

2.2 

185 

44 

1 1,400 

March 

23,  S37 

2.5 

585 

55 

32, 000 

April 

23, 795 

.7 

166 

39 

6,  500 

May 

25.  965 

.  3 

78 

48 

3,740 

June 

25. 801 

.4 

103 

37 

3,800 

July 

26. 288 

.7 

182 

43 

7,800 

August 

26. S02 

.5 

135 

31 

4,  180 

September 

25. 006 

1.0 

250 

67 

16, 800 

October 

25.  204 

1.  1 

276 

88 

23. 600 

November 

23. 077 

1.8 

415 

65 

27, 400 

December 

22, 883 

3.0 

685 

67 

45.800 

TOTAL 

292. 559 

1.  35  avg. 

3940 

57  avg. 

224. 520 

to  weather.  Employing  thie  method  it  is  possible  to  arrive  at  an  estimate 
of  the  projected  losses  in  the  IS  year  period  ahead,  by  using  the  number  of 
carrier  flight  hours  for  this  period. 

Using  FAA  projections  \  the  total  number  of  hours  of 
expected  delay  can  be  estimated  for  each  year.  From  these  hours,  the  dollar 
costs  of  air  carrier  weather  delays  have  been  estimated. 


^"Forecasts  of  Air  Traffic  Activity.  Continental  U.  S.  1960>1975" 
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MM*  4.  Hmm  af  Aiv  CirttorOfrewii  4m  to  WMttor 


MMurs  slOoH^ 

IMO 

1961 

1970 

1979 

Thrbojots 

4.970 

29,600 

34,400 

PropoUer 

46,730 

mm 

24. 700 

20,400 

la  ofdar  to  aooooo  tbooo  dollar  coots,  tho  direct  opoiotiaf 
coots  as  woU  as  paosoafor  tims  looooo  mast  bo  takoa  iMo  accouat.  la  pro- 
Joettag  tlM  direct  oporatiag  coots  par  hour,  cortaia  ootiraatoo  aro  laado  for 
the  coots  of  crow  oalarioo,  oaaiatooanes,  iaoaraaco,  ImI.  fli|^  doprociatioa, 
aad  tlM  chaagoo  oapoctod  ia  those  factors  by  1975.  Thoso  ootiinatos  aro 
basod  oa  official  figoroo  poblishod  by  the  CAB^.  A  straight  lias  projoctioa 
is  used  for  4m  period  1960  to  1975  to  arrive  at  tho  costs  for  each  five  year 
iatorval.  Tho  followiag  table  shows  thoso  proJoctieBs; 


Table  5.  Bstimatod  Total  Hourly  Oporatiag  Costa  Through  1975  Air  Carriers 
Turbojets  aad  PropoUsr  Aircraft  (From  CAB  Form  41, 
flunaaary,  Caloadar  Year  1960) 


Direct  Oporatiag 

Cost  per  Hour 

i960 

1965 

1970 

1975 

A.  Turbojets 

Crow 

$05 

$95 

$85 

$85 

Maiatoaanes 

200 

258 

232 

210 

Insuraaco 

ISO 

147 

144 

140 

Fuel 

225 

225 

225 

225 

Doprociatioa 

220 

167 

114 

60 

SUB  TOTAL 

960 

880 

800 

720 

B.ProooUor  A/C 

320 

315 

310 

305 

C.  Combiaod  Carrier 
Aircrah  ^Weitht 
Acc.to  Fmat 
Hours^ 

375 

500 

570 

578 

^"CAB  Form  41  Caloadar  Year  I960" 
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Tabu  6.  Projaetad  Dollar  Loaaaa  Oua  to  Air  Carriar  DaUya  1960*75 


A.  Oparating  Loaaaa,  la*FUfht  Dalaya  Cauaad  by  Waathar 


ITEM 

1960 

1965 

1970 

1975 

Turbojeta 

Number  of  flight  houra, 
milliona  ^ 

0.39 

1.23 

1.99 

2.67 

Houra  of  in*flight  delay 

1956 

6180 

1 0.  000 

13,400 

Coat  per  hour^ 

$755. 

$692. 

$629. 

$566. 

Total  Operating  Coata 
of  In*flight  DeUya 
(Turbojata)  ( $  Milliona) 

$1.47 

$4.28 

$6.29 

$7.59 

Propeller  Aircraft 

Number  of  flight  houra, 
milliona  ^ 

3.61 

2.50 

1.79 

1.40 

Houra  of  in*flight  deUy 

28, 660 

19,  900 

14. 200 

11,000 

Coat  par  hour^ 

$252 

$248 

$244 

$240 

Total  Operating  Coata  of 
In*flight  DeUya, 
Propeller  Aircraft 

$7.22 

$4.95 

$3.47 

$2.64 

I.  Total  Coata,  Turbojeta 
and  Propellera 
($  Milliona) 

$8.69 

$9.23 

$9.76 

$10. 23 

^Ref;  "Forecaatt  of  Air  Traffic  Activity  in  the  Continental  U.  S. ;  1960*1975" 
^See  Table  2 
^See  Table  2 
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2.  Time  Loat  Dua  to  D»Uyt 

iB'fUght  And  on-ground  doUyt  duo  to  uroathor  involvo  direct  and 
indirect  costs  to  the  air  carriers.  They  also  involve  lost  time  on  the  part 
of  the  paeeengeri.  Later-than-scheduled  arrivals  at  the  destination  terminal 
constitute  a  definite  time  penalty  to  the  oassengers,  and  when  the  average 
value  of  a  passenger  hour  is  known,  this  penalty  can  be  expressed  in  dollars. 

In  addition  to  the  direct  delay  time,  missed  connections  as  a 
result  of  late  arrivals  can  lead  to  further  scheduling  delays  or  even  passenger 
layovers.  The  total  annual  losses  of  passenger  time  due  to  primary  delays 
can  be  computed  directly  from  the  total  hours  of  airplane  delays,  average 
passenger  load  factors,  and  dollar  value  per  passenger  hour. 

The  secondary  losses  would  require  an  extensive  investigation  into 
the  scheduling  system  of  our  domestic  airlines,  compiling  number  of  missed 
connections  and  passenger  layovers  due  to  weather  delays  at  all  major  terminals, 
the  distribution  of  trip  length,  changes  of  airplane,  and  destinations  of  the 
traveling  public.  Such  an  investigation  is  beyond  the  scope  of  this  study. 
Accordingly,  this  factor  has  not  been  included  inthese  estimates. 

In  order  to  compute  the  value  of  lost  passenger  time  from  air 
carrier  delaye  due  to  weather,  the  follow,  g  discussion  of  the  dollar  value 
of  a  passenger  hour  is  presented. 

a.  Cost  Per  Passenger  Hour 

An  estimate  of  the  cost  per  passenger  hour  caused  by  a 
delay  in  air  carrier  travel  must  take  into  account  a  variety  of  factors, 
such  as  range  of  passengers'  incomes  and  reasons  for  travel  (business  or 
personal).  The  values  which  airline  passengers  place  on  their  time  would 
vary  greatly.  The  business  or  professional  man  would  view  a  delay  as  more 
costly  than  would  a  retired  person  traveling  for  personal  reasons.  Despite 
the  wide  range  of  values,  the  fact  remains  that  flight  delays  represent  an 
economic  loss  to  passengers. 
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To  ••toot  tho  rolovant  foetoro  would  involvo  an  actual 
•urvoy  of  a  roproaontativo  tampla  of  air  paaiangara.  Wo  havo  takan  tha 
following  approach  to  tha  problam  baaad  on  a  atudy  by  tha  Port  of  Naw  York 
Authority^. 

•  Tha  madian  family  incoma  of  tha  aampla  of  air 

paaaangara  was  $11,400  in  1956^.  Adjuating  this 
figura  for  an  incraasa  in  annual  incoma  of  2  1/2% 
par  yaar  wa  arriva  at  a  1960  incoma  of  approxi- 
mataly  $13,  000.  .  _ 

•  Tha  value  of  a  typical  air  paasanger's  time,  baaad 
on  2000  work-hours  par  year,  was  $6.  50  par  hour 
in  1960^. 

Personal  income  is  a  reasonable  aatimata  of  tha  value 
placed  by  an  individual  on  hia  own  time  or  by  an  employer  on  an  employee's 
time.  Tha  employer  values  his  employee  at  something  more  than  his  salary 
to  justify  hiring  him.  Each  man-hour  is  therefore  worth  at  least  $6.  SO 
in  an  alternative  use. 


^"New  York's  Domestic  Air  Travelers",  Port  of  New  York  Authority, 

Aviation  Department,  October  1957. 

^In  the  original  -  1956  survey,  50%  of  the  passengers  were  found  to  have 
family  income  exceeding  $11,400,  whila  the  family  income  of  25%  of  tha 
passengers  exceeded  $20,  000.  A  very  large  income  (say  $150,  000)  in 
the  sample  would  not  change  the  median  value  of  $11,  400.  Wa  know  that 
very  high  income  people  do  fly  and  the  value  of  their  time  is  relevant  to 
this  study.  Hence,  the  median  income  ($11,400)  understates  the  average 
value  of  a  passenger's  time. 

3 

In  this  estimate,  we  have  made  no  adjustment  for  differences  between  value 
of  men's  and  women's  leisure  time.  Nor  have  we  attempted  to  separate  out 
property  income  from  salaries  and  wages,  or  to  determine  the  extent  to 
which  more  than  one  person  contributes  to  the  family  income.  These  factors 
suggest  that  family  income  tends  to  overstate  the  value  of  an  air  passenger's 
time.  However,  in  our  Judgment,  $6.  50  per  hour  is  a  useful  working  compromise 
to  reflect  the  foregoing  considerations. 
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Peraonal  income  undoretatee  tho  value  of  a  pereon'e  time 
during  bueineea  houre  and  may  ove relate  it  for  other  occasione. 

An  eetimate  of  the  value  of  leieure  time  versue  working 
time  depends  primarily  on  the  individual's  aeaesement  of  leisure.  People 
do  adjust  their  working  and  leisure,  time  so  that  an  hour  is  roughly  equal 
in  value  as  additional  work  time  or  additional  leisure  time.  The  value  of 
an  hour  of  work  is  therefore  a  reasonable  approximation  of  the  value  of  an 
hour's  delay  whether  or  not  the  passenger  is  engaged  in  business  flying. 

In  projecting  hourly  values  over  the  15  year  period  ahead,  the  1960  salary 
of  $13,  000  has  been  adjusted  for  an  annual  increase  of  2  1/2%.  Thus,  the 
hourly  figures  for  1965.  1970  and  1975  become  $7.  35,  $8.  50  and  $9. 40 
respectively. 

b.  Cost  of  Passenger  Delay 

The  total  hours  of  airplane  delay  due  to  weather  factors 
were  computed  in  the  previous  section.  They  were  grouped  by  type  of 
equipment,  namely  turbojet  and  propeller ’driven  aircraft.  With  the 
average  number  of  passengers  per  airplane,  or  the  load  factor,  known, 
the  total  passenger  hours  of  delay  can  be  calculated  and  the  dollar  cost 
evaluated.  Time^weighted  average  numbere  of  passengers  per  aircraft 
type  have  been  computed  for  the  period  July  1960  to  June  1961,  from  CAB 
data  on  Form  41.  Theee  show  71  passengers  per  turbojet  and  34  passengers 
per  propeller  aircraft.  Load  factors  have  not  changed  materially  in  the 
past  several  years,  and  there  is  no  firm  basis  for  predicting  any  upward 
or  downward  trend  in  passenger  load  factors.  Therefore  our  projections 
of  lost  passenger  time  are  based  on  constant  load  factor  values  for  the 
period  to  1975.  Table  7. 

3.  Maintenance  and  Ground  Support 

Maintenance  and  ground  support  weather  penalties  are  siseable 

In  the  operation  of  an  air  carrier  fleet.  Some  of  the  costs  are  concealed 

in  the  aircraft  schedules,  which  contain  expensive  pads  to  allow  the  mainte* 

nance  program  to  conform  to  legal  and  safety  requirements  and  still  produce 
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Table  7.  Cost  of  Passenger  Time  Lost  due  to  Air  Carrier  Delays 

Caused  by  Weather 


Year 

1960 

1965 

1970 

1975 

Hours  of  in-flight 
delays 

1956 

6.  180 

10, 000 

13, 400 

Hours  of  ground 
delay 

4970 

15,850 

25,  600 

34,  400 

Totrl  hours  of 
airplane  delay 

6926 

22, 030 

35,  600 

57. 800 

Average  number  of 
passengers  per 
airplane 

71 

71 

71 

71 

Total  passenger 
hours  of  delay 

492.  000 

1.  560,  000 

2.  520,  000 

4. 

100, 000 

.J 

B.  PROPELLER  AIRCRAFT 

Hours  of  in-flight 
delay 

28, 660 

19.  900 

14, 200 

11,000 

Hours  of  ground 
delay 

46, 730 

32, 950 

24, 700 

20.  400 

Total  hours  of 
airplane  delay 

75,  396 

52,850 

38. 900 

31,400 

Average  number  of 
passengers  per 

airplane- 

34 

34 

34 

34 

Total  passenger 
hours  of  delay 

2,  570, 000 

1,800,  000 

1,  320,  000 

1. 

042,  000 

C.  TOTAL  PASSENGER  HOURS,  JET  AND  PROPELLER 

3,  062,  000 

3,  360.  000 

3^840^000 

5. 

142,000 

Value  of  passenger 
time  per  hour 

$6.50 

$7.35 

$8.50 

$9.40 

Total  Dollar  Value 
(Millions) 

”$19s90 

$24. 69 

$32.64 

$48. 34 

»n  acceptable  performance.  Other  coite  are  direct  and  can  be  more  easily 
measured.  The  methods  for  arriving  at  such  penalties  are  rather  complex, 
due  to  the  many  variables  involved,  and  the  restrictions  placed  on  the 
maintenance  schedule  by  such  factors  as  passenger  schedule  demands, 
location  of  spare  parts,  location  of  ground  support  equipment  and  the  loca* 
tion  of  ground  support  personnel.  The  problem  of  ground  support  equipment 
and  personnel  is  considered  parallel  to  that  of  pure  maintenance  and  often 
the  two  are  intermingled.  Basically,  the  effect  of  weather  is  the  same  on 
both  activities. 

In  the  broad  picture,  weather  irregularities  or  delays  must  be 
compensated  for  by  the  purchase  of  new  equipment  over  and  above  that 
ordinarily  required  for  operations,  and  personnel  requirements  are  also 
increased,  either  in  the  form  of  overtime  for  regular  personnel  or  by  the 
addition  of  more  personnel.  Personnel  and  equipment  are  also  closely 
related.  Lack  of  personnel  can  be  balanced  by  additional  equipment  and, 
conversely,  additional  personnel  may  be  used  in  the  operation  of  existing 
equipment  to  accomplish  the  same  result. 

A  logical  approach  to  the  study  of  this  penalty  is  to  compare  the 
official  FAA  inspection  requirements  specifying  the  maximum  airplane 
operating  hours  between  checks  with  the  actual  inspection  periods  used  by 
the  air-carriers.  The  FAA  requires  certain  service  checks  on  the  airplane 
to  be  performed  after  a  fixed  number  of  hours  of  flying.  These  hours  are 
established  by  regulation  for  the  various  types  of  service  and  maintenance 
checks  and  for  different  aircraft  categories.  However,  if  the  carriers  were 
to  schedule  the  utilisation  of  equipment  to  the  maximum  extent  of  this  legal 
period,  the  aircraft,  because  of  unforeseen  ATC,  weather  and  other  delays, 
would  frequently  have  to  be  taken  out  of  the  closely  planned  schedule.  The 
effect  of  weather  interruptions  on  fleet  utilisation  can  be  seen  from  Figure  4, 
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FIGURE  4.  TYPICAL  AIRCRAFT  MAINTENANCE  SCHEDULE 

AIRCRAFT  TYPE:  DC -8 
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showing  two  typical  aircraft  malntanaaca  achduioa  for  a  four  day  pariod. 

Any  deviation  from  tha  plannad  achadula  aa  shown  will  raquira  a  complata 
change  of  plan,  with  a  rasolting  loss  of  utilisation  of  an  aircraft. 

Primarily  bacausa  of  those  waathar  dalaya,  which  occur  tha 
year  around,  but  show  a  greater  frequency  in  the  winter  months,  carriers 
do  not  fly  their  equipment  to  the  maximum  legal  period  between  service 
checks.  Instead  they  schedule  these  checks  some  6  to  50%  under  the  legally 
required  flight  time  limitations.  Thus,  service  checks  are  performed  more 
frequently  than  required. 

Some  schedule  "pads"  are  included  in  the  scheduled  turn¬ 
around  times.  Aa  a  typical  example,  the  turn-around  time  for  a  trans¬ 
continental  Jet  could  be  45  minutes,  according  to  estimates  by  carrier 
personnel.  In  thie  time  interval,  debarkation  and  embarkation  of  passengers 
can  be  accomplished,  cargo  and  luggage  can  be  handled  and  the  aircraft 
can  be  serviced  and  refueled.  However,  to  allow  for  ATC  and  weather  de- 
laye,  the  time  allotted  for  turn-around  is  usually  twice  this  amount. 

To  illustrate  the  excess  of  service  checks  due  to  weather  un¬ 
certainties,  the  Tables  8,  9,  and  10  show  typical  monthly  figures  stating 
the  required  maximum  operating  hours  for  three  types  of  service  checks 
and  the  actual  hours  flown  between  checks.  The  tablee^show  maintenance 
schedules  of  three  different  types  of  aircraft;  they  represent  actual  data 
of  a  major  trunk  carrier. 

Service  Check  A,  which  must  be  performed  after  a  maximum 
of  60  operating  hours  for  propeller  aircraft  and  65  operating  hours  for 
turbojets,  is  performed  after  about  80%  of  the  legally  allotted  time,  while 
Service  Check  B  is  performed  within  90%  of  the  legal  pariod  for  propeller 
aircraft  and  about  80%  for  turbojet  aircraft.  These  increases  in  service 
checks  are  considered  typical  for  the  carrier  industry. 
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Table  8.  Required  and  Actual  Frequency  of  Service  Checke  A 
and  B.  Typical  Domeetic  Trunk  Carrier 


Aircraft  Type;  LOCKHEED  749/A 


1960 

1961 

1 

FAA  Llmite 

Avfl.  Attained 

FAA  Limits  1 

Avk.  Attained  1 

Monen 

SS-A 

SS-B 

SS-A 

SS-B 

SS-A 

SS-B 

SS-A 

SS-B 

January 

60 

180 

47 

147 

60 

180 

52 

163 

February 

60 

180 

48 

164 

60 

180 

53 

162 

(both 

eervice 

checke 

combined 

March 

60 

180 

46 

166 

120 

113 

April 

60 

180 

SO 

165 

120 

106 

May 

60 

180 

48 

165 

120 

100 

June 

60 

180 

50 

165 

120 

103 

July 

60 

180 

50 

160 

120 

106 

Auguet 

60 

180 

50 

160 

120 

104 

September 

60 

180 

50 

160 

120 

108 

October 

60 

180 

50 

157 

130 

109 

November 

60 

180 

51 

158 

130 

115 

December 

60 

180 

1® 

160 

130 

109 

Avg. 

82% 

of 

FAA 

Llmite 

Avg. 

90% 

of 

FAA 

Limite 

Avg.  92% 
of  FAA  Limite 

30 


Tabu  9.  Raqulrad  aad  Actual  Fraquaney  of  Sarviea  Chacka 
A  and  B.  Typical  Domaatlc  Trunk  Carrier 

Aircraft  Type:  LOCKHEED  1049C 


1 _ L9&11 _ 

_ 1961 _ 1 

FAA  Limite 

A  VI.  Attained 

Avg.  Attained  I 

MOnCA 

EEB? 

8S>B 

SS-A 

SS-B 

SS-B 

SS-B 

January 

60 

120 

46 

106 

60 

120 

51 

106 

February 

60 

120 

47 

105 

60 

120 

51 

103 

M 

March 

60 

120 

48 

095 

120 

108 

April 

60 

120 

49 

107 

120 

109 

May 

60 

120 

47 

102 

120 

104 

June 

60 

120 

47 

103 

120 

105 

July 

60 

120 

48 

104 

120 

106 

Auguat 

60 

120 

48 

102 

120 

106 

September 

60 

120 

49 

103 

120 

105 

October 

60 

120 

48 

104 

130 

106 

November 

60 

120 

50 

99 

130 

117 

December 

60 

120 

49 

102 

130 

118 

Average: 

80%  87% 

of  FAA  Limita 

Average: 

88%  of  FAA 

Limita 
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Tabu  10.  Raquirad  and  Actual  FraquMMy  of  Sarvlea  Cbacka 
A  and  B.  Typical  Demaatle  Trunk  Carrier 

Aircraft  Type:  BCSINC  707/121 


Month 

_ 

60 

1961  1 

FAA  Limita 

Av|. 

Attained 

FAA  Limita 

Av|.  Attained 

88«A] 

l-^yl 

“113 

January 

D 

130 

53 

91 

120 

February 

m 

130 

46 

120 

103 

March 

65 

130 

51 

120 

106 

April 

65 

130 

50 

97 

120 

104 

May 

65 

130 

53 

106 

120 

102 

June 

65 

130 

52 

108 

120 

99 

July 

65 

130 

50 

105 

120 

100 

Attfuat 

65 

130 

51 

102 

120 

102 

Saptanibar 

65 

130 

53 

103 

120 

98 

October 

65 

130 

51 

102 

130 

104 

Novambar 

65 

130 

53 

107 

130 

no 

Dacambar 

65 

130 

52 

106 

130 

111 

Avaraga: 

80%  78% 

of  FAA 

Limita 

Average: 

85%  of  FAA 

Limita 
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In  order  to  obtoto  o  ro^rotonUttvo  umpUaf  on  moiatomwco 
poaaltloo  dtto  to  woothor  foetorr.  throo  major  trunk  carrlara  worn  contaetod. 
Tkort  war  a  marked  similarity  in  tha  romlts.  Tho  spacing  of  ths  actual 
maiifdananes  schadulo  periods  varied  slightly  with  the  individual  operator. 
However  the  hasic  criteria  were  the  same  in  all  cases. 

FAA  inspection  and  maintenance  check  requirements  are 
conetantly  being  upgraded  and  revised  to  reflect  the  Increased  operating 
experience  of  individual  carriers.  This  is  shown  in  Tables  8  and  9  where 
in  March  1961  Service  Checks  A  and  B  for  this  particular  carrier  and 
aircraft  type  were  combined  into  one  cheek  having  a  limit  of  120  hours 
between  inspections. 

There  are  approximately  five  types  of  checks,  each  stipulating 
a  different  maximum  flight  time.  Of  these  five  types  only  three  are  influenced 
by  weather  to  a  marked  degree.  They  are  listed  as  checks  2,  3,  and  4  in  the 
attadied  Table  11.  Column  three  of  the  table  shows  the  total  number  of  checks 
performed  in  each  category  by  those  three  major  carriers  in  1960.  Total 
man>hours  required  for  these  checks  are  listed  in  column  five. 

The  smallest  maintenance  period  appreciably  affected  by  weather 
irregularities  is  the  layover  check  required  every  other  day.  To  avoid 
exceeding  this  legal  limit  and  to  maintain  a  desirable  standard  of  schedule 
performance  the  carriers  perform  this  check  daily.  Of  this  100%  increase, 
50%  is  considered  by  air  carrier  maintenance  personnel  to  be  attributable  to 
weather  causes. 

The  data  for  Check  No.  3  for  example  indicate  that  65  flight  hours 
is  the  required  legal  limit.  Man  hours  required  to  perform  this  check  vary 
from  7  to  63  depending  on  type  of  equipment.  As  shown  in  Column  7,  for  the 
turbojets  22%  of  the  maintenance  nun^hours  are  due  to  weather,  and  for  pro¬ 
peller  aircraft  from  9%  to  12%  of  the  man-hours. 


-  33  - 


TabU  1 1 .  KUiatanaaea  Chacka  Raqoirad  aad  AdditioBal  Maa-Houra  Dua 
to  Waathar  Uaeartaiatiaa,  I960 


Type  Aircraft 


A.  Turbojat 


(DC  >8) 

Chack  2 
Chack  3 
Chack  4 

B.  Turbojat 


(B-707.B-720. 
CVR  88(| 

Chack  2 
Check  3 
Chack  4 

C.Pro 


(Elactra) 

Check  2 
Check  3 
Check  4 

D.  Pro 


(DC  .  . 
L-1049G) 

Check  2 
Check  3 
Check  4 

E.  Pro 


(CVR 
L749) 

Check  2 
Check  3 
Chack  4 


Total 

Flyiag 

Houra 


Mlaimum  hiaa  Total 

Nombar  Houra  par  Maa 
Chacka  Chack  Houra 


1,500 
1,  000 
5700 


19.  600 
14.  500 
2, 700 


%  la-  Maa  Hra. 

craaae  Dua  to 

Dua  to  Weather 
Weather 


10.000  50% 

37. 500  22% 

180, 000  9% 


122. 000  50% 

236. 000  22% 

470, 000  9% 


84, 000  50% 

108, 000  9% 

218.000  6% 


249, 000  50% 

340, 000  12% 

830,000  7.5% 


100,  000 
101,000 
335,  000 


124,  000 
40.  800 
62.  000 


TOTAL  EXCESS  MAN  HOURS  DUX  TO  WXATHXR  UNCXRTAINTIXS 


so,  000 
10.  100 
20, 100 


556,  700 


34 


Check  No.  4  roqttirod  9%  edditional  tneintonence  iMpoctions 
duo  to  woothor  uncortointioo  tot  the  turbojoto,  and  from  6%  to  7.  5%  for  the 
propoUor  oireroft. 

In  ■ummorising,  on  annual  total  of  556,  700  man-hours  is  esti¬ 
mated  to  be  the  excess  maintenance  performed  by  the  three  sampled  air 
carriers. 

In  order  to  arrive  at  the  weather-induced  increment  of  mainte¬ 
nance  costa,  the  added  man-hours  are  priced  at  an  average  regular  rate 
of  $7.  00  per  hour^  or  a  total  of  $3,  900, 000.  00  for  the  year  1960.  If  this 
figure  is  compared  with  the  total  air  carrier  expenditures  on  maintenance 
personnel  during  1960,  ($181,773,614)  the  excess  cost  factor  due  to  weather 
uncertainties  is  2.  18%^. 

It  is  of  interest  that  estimates  of  increase  in  maintenance  expendi¬ 
tures  due  to  weather  by  qualified  air  carrier  personnel  from  the  three  major 
carriers  were:  1.  5  to  2.  0%.  4  to  5%,  and  1.  5  to  2.  0%  respectively,  for  the 
weather  increment.  This  is  in  line  with  the  value  of  2.  18%  estimated  above. 

This  weather  factor,  when  applied  to  the  total  air  carrier  mainte¬ 
nance  and  ground  support  personnel  expenditures  for  1960^,  gives  an  amount 
of  $8,  280,  000  for  added  personnel  costs.  For  the  ground  support  equipment^, 
application  of  the  same  weather  factor  results  in  a  value  of  $455.  000,  which 


This  hourly  figure  includes  direct  labor  and  company  overhead.  It  constitutes 
an  average  value  from  three  major  trunk  carriers. 

2 

Ref;  ATA  "Facts  and  Figures  about  Air  Transportation",  I960. 

^Ref;  Cited  2 

^Ref;  Cited  2-3,  From  the  above  Ref.  Personnel,  Service,  and  Maintenance 
$380,  442,  181.  00  Aircraft  Support  Equipment,  1960,  $20,  956,  000.  00 
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1-2 

nprcMBtt  th*  ••tifnat«d  •ddlMoaal  mppert  by  wmOmf  unccrUintiM 

Add«d  parteoMl  eoatt  du*  to  wootiMr 
Addod  oqialpmoiit  eooto  duo  to  woothor 
Total  ojceooo  cotta.  1960: 

Projoctod  llaiatoaanco  Woathor  Ptaaltltt  1960-1975 

la  projaetiag  tho  awathor  caatod  naiatonaact  cotta  through  1975,  tho 
total  malattaaact  paaalty  dot  to  waathar,  $0, 735, 000. 00,  for  tho  year  1960 
haa  boaa  adjuatad  for  tho  foracaat  flight  activity  (Baaiataaaaca  ia  a  diract 
fuactioa  of  flight  activity)  aad  hourly  maiatoBaaca  eoata  to  obtaia  tha  total 
projoctod  maiatoaaaca  paaalttaa  for  that  period. 


$0, 280. 000 
455. 000 


^Accordiag  to  atatanaat  by  a  eaajor  truak  carrier,  coata  of  grouad  oquipmaat 
aad  oarvicaa  iacraata  by  20%  ia  dM  wiator.  It  ia  fait  that  more  accurata 
foracaata  caa  raoult  ia  aubataatial  coat  aaviago.  Por  axampla,  laataad  of 
"aaow",  they  would  Uka  "wat  aaow",  "dry  aaow",  "froaaiag  raia",  alto 
tha  anouat  of  aaow  fall.  Lack  of  accurate  foracaata  of  thia  typo  eoata  tham 
OB  tho  ordar  of  $200,  000-$300. 000  a  yaar  aaiainiuB). 

^Typical  axanipla  of  aaaiataaaaea  dalay  duo  to  waathar  Infornuitioa.  A  noajor 
aaaiataaaaca  baaa  axpariaaead  low  viaibiUty  aad  icy  ruawaya  for  thraa  daya. 
Thara  waa  ao  aaow  raiaoval  aquipnaat  available.  Tharafora  tho  carriar 
could  Bot  brlag  ia  a  B-707  for  tchadulad  aagiaa  chaago.  It  had  to  maka  the 
aagiaa  ehaaga  ia  Loo  Aagalaa  oa  ovartiaaa.  Maiataaaaca  baaa  paroooaal  ex- 
pactiag  tha  B-707  ware  kept  idle.  Ia  additioa,  tho  ramovad  aagiaa  waa  .ahippad 
by  truck  from  Loa  Aagalaa  to  tho  maiataaaaca  baaa  aad  tho  rapairad  aagiaa 
waa  ahippad  back  to  Loa  Aagalaa  for  ataadby.  Tha  rouad  trip  took  eight  daya, 
durlag  which  tima  tho  aagiaa  waa  out  of  aorvica. 
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Tabu  U  ihowa  projacUd  flylaf  hour*  and  wnightad  hourly  mainUnaneo 
coat*  (Z8%  of  waightad  hourly  diract  oparating  coato)\  from  which  tha  total 
maintananca  panalty  haa  baaa  aatimatad. 


Tabla  12.  Maintananca  Waathar  Panaltiaa  Through  1975 


1960 

1965 

1970 

1975 

Total  flying  houra 
(1000)2 

3865 

3728 

3790 

4070 

Waightad  hourly 
oparating  coata 

$375 

$500 

$570 

$578 

Waightad  hourly 
maintananca  coata 

$104 

$140 

$1S9 

$161 

Waathar  Penalty 
(2.  18%  of  toUl 
maintenance  coata) 

$8.74 

$11.26 

$13.05 

$14. 20 

^Appendix  C 

^FAA  Forccaat  of  Annual  Flight  Activity  in  CONUS  1960-1975,  FAA  Traffic 
Analyaia  Branch 
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4. 


U.  8.  IteU  0«Uy 

Among  tiM  oeonomle  looooa  traeoobU  to  iBodoqoato  woollior 
InCemmUon  to  aviotiOB  oro  tho  looooa  invelvod  in  U.  S.  moil  daUyo.  Thay 
nro  rani  and  tnngibla  no  (nr  na  the  houra  of  delay  are  concerned.  They  are 
leoa  tangible  however  when  a  dollar  value  ia  to  be  placed  on  the  delay  to  a 
unit  of  mail. 

Requeota  for  eotimatea  of  auch  delaya  were  directed  at  varioua 
regional  air  nnail  officeo  of  the  U.  S.  Poatal  Service  without  aucceaa.  Accord¬ 
ing  to  tho  Bureau  of  Tranaportation,  Poat  Office  Department.  Waahington.D.  C. . 
auch  data  are  not  available  becauae  of  the  complexity  of  the  methoda  of  tranaport 
of  U.  S.  Air  Mail  to  ita  final  doatination.  Another  difficulty  ia  the  fact  that 
each  load  of  Air  Mail  involved  in  a  weather  diaruption  haa  a  variety  of  ultimate 
deatinationa. 

Peraonael  contacted  at  the  Poat  Office  Air  Mail  Centera  indicated 
atrongly  that  the  lack  of  adequate  weather  aervicea  and  forecaata  had  a  aixeable 
etfect  on  the  U.  S.  Air  Mail  operationa.  It  waa  alao  brought  out  that  any  improve¬ 
ment  in  the  preaent  weather  aervicea  would  reault  ia  appreciably  more  timely 
delivery. 

The  effecta  of  inadequate  weather  aervice  upon  the  operationa  of 
U.  S.  Air  Mail  were  diacuaaed  apecifically  with  peraonnel  at  the  Air  Mail 
Facility  of  the  Loa  Angelea  International  Airport.  Following  are  aeveral  of 
tho  typical  pointa  brought  out: 

*  The  aervicea  of  the  U.  S.  Weather  Bureau  are  uaed  by  the 
Port  Office  Camera  for  air  mail  route  planning.  Moreover 
the  Air  Mail  office  conaulta  with  Air  Carrier  Flight  Dia- 
patch  officea  regarding  weather  aituationa  aa  they  effect 
the  Air  MaU  Flighta. 
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•  Working  hour*  of  Air  kUU  Fnellity  omployoot  during  normnl 
wonthor  nro  plnnnod  for  nn  oigid  hour  day  wUlo  potontUl 
ovortimo  of  two  hours  por  working  dny  Is  nllowod  for  ss  s  rs« 
sorvo  sgminst  irrsgulnr  ponk  loads,  ths  majority  of  poak 
loads  bsing  caussd  by  wsathsr  disruptions. 

•  A  savors  daisy  in  air  mail  is  axparianead  in  cass  of  a 
divarsion  from  Los  Angolas  Intamational  Airport  to  Ontario, 
California,  locatad  about  30  milas  inland.  This  is  particu* 
larly  trua  for  turbojst  aircraft,  aspacially  during  tha  wintar 
months  (Ontario  Oivarsions,  Appandix  C).  Tha  dalays  in 
trucking  tha  mail  back  from  Ontario  to  Loa  Angolas  and  tha 
addad  handling,  raquiring  additional  man  hours,  constituta  an 
aconomic  panalty  to  tha  Post  Offica.  In  addition,  tha  daisy 
in  mail  dalivary  to  tha  community  accounts  for  additional 
aconomic  losaas,  although  thaaa  would  ba  difficult  to  assoss 
without  a  raprasantativa  sampling. 

•  In  tha  casa  of  halicoptar  mail  sarvica,  such  as  is  baing 
provldad  for  tha  Soutbarn  California  araa,  an  inaccurata 
waathar  foracaat  can  daisy  tbs  final  arrival  of  important 
mail  by  so  much  as  24  hours.  As  an  axampla,  tha  caaa  was 
citad  whara  tha  noail  is  hold  until  tha  schadulsd  daparturo 
of  tha  mail'carrying  halicoptar  and  tha  flight  is  than  can* 
coUad  bacausa  of  waathar.  Tha  mail  may  arriva  fully  a  day 
lata  at  its  final  dastinatiott.  Had  a  mora  accurata  foracaat 
boon  aval  labia,  tha  probabla  cancallation  of  tha  flight  would 
hava  boon  known  baforahand  and  tha  mail  would  hava  boon 
placad  on  aarlior  surfaca  transporUtioa.  tharoby  minimia- 
ing  tha  daisy. 
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5.  Alf  naU  *nd  Continaancy  Ftt«i 

Ratarv*  ftt«l  nquinmantt  can  ba  grouped  into:  Baaic  FAA  Raaarva, 
Altamata  Fuel,  Continfaney  Fuel,  and  Pilot's  Contingancy  Fual.  Tha  baaic  FAA 
raaarva  is  a  aafaty  raquiramant  not  apacifically  attributable  to  weather  alone. 
Tha  other  three,  however,  are  nacasaitatad  primarily  by  tha  uncarteinty  aa 
to  weather  conditions  or  lack  of  adequate  weather  information. 

Altamata  Fual  Raquirsmanta  - 

Tha  naming  of  an  altamata  airport  for  Astination  is  required  by 
Civil  Air  Regulations  for  tha  following  conditiona; 

•  Inatrumant  flying  conditions  at  destination 

a  Certain  weather  coaditions  at  dapartum  airport 

•  Whan  an  ama  of  thunderstorms  is  forecast  for  tha  destination 

a  Whan  destination  mnways  are  covered  with  snow,  slush,  or 
ica 

a  Whan  only  one  runway  ia  available  at  destination  airport 

One  axcaptioa  to  tha  ^ova  raquirsmant  is  that  an  altamata 
need  not  ba  named  on  an  instrument  flight  whan  tha  destination  terminal, 
two  hours  before  and  two  hours  after  planned  arrival,  is  forecast  to  havs  a 
ceiling  of  at  least  1000  feat  above  the  minimum  approach  altitude  for  that 
airport  and  at  least  3  miles  visibility.  These  alternate  rules  are  basic 
safety  requirements  and  are  used  to  compensate  for  radio  failures,  uncer¬ 
tainty  of  weather  forecasts,  or  the  closing  of  the  single  available  ronway 
by  some  unforeseen  contingency. 

For  the  purpose  of  this  study,  a  sampling  of  3697  air  carrier 
flights  dispatched  from  Chicago  was  used.  This  sampling,  covering  the  month 
of  September,  is  not  completely  representative  of  the  yearly  average  inasmuch 
as  that  period  is  relatively  free  from  unfavorable  flying  weather.  Of  the  total 
flights  covered.  56%  of  the  propeller  driven  aircraft  and  62%  of  the  turbojets 
required  the  naming  of  an  alternate  airport,  which  necessitated  ferrying 
additional  alternate  fuel.  Another  sampling  of  1.  589  flights  taken  at  Los 
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Angalsi  indicated  that  66.  5%  of  all  prep«lUr>drlvan  flighta  and  63%  of  the 
turbojet  flighta  required  additional  fuel  for  alternate  requirementa  due  to 
weather.  In  uaing  the  Chicago  pereentagea  eomputationa  indicate  that  a 
total  of  8,  904.  700  pounda  of  alternate  fuel  were  ferried  on  the  3,  697  flighta 
reported.  (See  Table  A- 1.  Appendix). 

The  effect  of  carrying  additional  weight  variea  with  type  of 
equipment.  In  general,  piaton  flighta  ara  affected  to  the  extent  that  a 
abort  increment  of  flying  time  ia  added  to  the  total  trip  duration.  On 
turbojet  flighta.  meaaurable  fuel  ia  actually  conaumed  to  ferry  alternate 
fuel  to  the  deatination. 

In  calculating  the  turbojet  penalty,  the  actual  fuel  conaumed  will 
vary  with  the  length  of  night.  Computationa  baaed  on  data  from  the  Douglaa 
DC-8  turbojet  manual  ahow  that  from  0.  27  to  0.  35  pounda  were  conaumed 
for  every  pound  carried  for  the  average  length  of  flight  in  1960.  Thia  value 
will  decreaae  aa  the  average  length  of  the  turbojet  night  decreaaea.  On  thia 
baaia.  the  total  coat  of  jet  fuel  conaumed  in  1960  to  ferry  alternate  fuel  waa 
computed  to  be  $2.  2  million,  aee  Table  14. 

Projecting  the  added  flying  time  duo  to  carrying  alternate  fuel 
over  the  entire  propeller-driven  fleet  in  1960.  a  value  of  10,  660  houra  haa 
been  computed.  Uaing  the  weighted  hourly  operating  coat  of  $252  for 
propeller  aircraft  the  annual  penalty  ia  eatimatod  at  $2,  686,  000  for  the  year 
1960. 

Turbojet.  Alternate  Fuel  Coata  (1960)  $2,200,000 

Propeller  Driven  Fleet,  Alternate  2,  686,  000 

Fuel  Coata  (1960) 

Totel  $4.  886,  000 
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CoBtiiigancy  Fuel  Requirements  (Turbojets  only)  • 


Contingency  Fuel 

At  time  of  dispetch,  turbojet  fuel  requirements  ere  made 
up  of  the  basic  FAA  reserve,  the  planned  burnout  for  the  trip,  the  alternate 
fuel  requlred.any  holding  or  detour  fuel,  and  another  reserve  amount  known 
as  "contingency  fuel".  The  latter  is  presently  in  the  neightborhood  of  4000 
pounds  minimum  which  is  automatically  carried  on  every  flight. 

The  use  of  this  contingency  "pad"  is  a  safety  requirement, 

It  is  clearly  a  cost  penalty  introduced  for  the  moat  part  by  the  uncertainty 
of  weather  forecasting  for  such  parameters  as  optimum  flying  altitudes, 
temperatures  aloft,  turbulence,  winds  aloft,  and  ATC  requirements. 

Using  the  total  number  of  turbojet  flights  in  1960,  an 
average  contingency  fuel  load  of  4, 000  pounds  and  assuming  a  nationwide 
trip  average  of  0,  3  pounds  of  fuel  burned  per  pound  of  fuel  carried  and  a 
cost  of  1,  5  cents  per  pound,  the  cost  of  carrying  this  contingency  was  $1,  800,  000 
in  1960. 

Pilot's  Contingency  Fuel 

The  standard  contingency  fuel  load  is  sometimes  increased 
by  the  pilot  when  weather  or  traffic  factors  appear  somewhat  less  favorable 
than  forecast.  Examination  of  the  operating  statistics  of  a  typical  domestic 
trunk  carrier  shows  that  92%  of  the  pilots  accept  computer  calculated  flight 
plans  while  the  remainder  still  prepare  their  own  manual  flight  plans.  Of 
the  92%,  a  little  more  than  one  fourth,  or  28%.  increase  the  4000  lbs.  con¬ 
tingency  by  an  additional  fuel  load  which  averages  3500  lbs.  per  flight.  Thus, 
of  all  the  flights  of  this  carrier  25. 8%  add  an  average  amount  of  3500  lbs. 
each  to  the  fuel  load.  This  additional  fuel  is  justified  by  the  pilots  on  the 
grounds  of  lack  of  confidence  in  the  weather  forecasts  and  weather  inputs  into 
the  computer  (winds  aloft,  etc. )  This  practice  is  fairly  universal  among 
domestic  carrier  jet  pilots. 
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Applying  tide  rntio,  29.  t%.  to  tho  ontlro  domoitie  air 
carriar  float,  tha  coat  of  fdal  eenattmad  ia  aBtiinatad  aa  ahoam  In  Tabla  1 3. 


Tabla  13.  Pilot  Raquaatad,  Addad  Coidingancy  Fual 


1960 

1965 

1970 

1975 

Avg.  langth  of  jat 
flight,  houra 

3.7 

1.23 

.96 

.83 

Fual  consumad  par 
lb.  carriad 

0.3 

0.25 

0.23 

0.22 

Total  Numbar  Jat 
Flights  (millions) 

0.1 

1.00 

2.08 

3.22 

No.  of  flights  with 

addad  raaarvo 

25, 800 

258,  000 

535, 000 

825, 000 

Addad  fual  carriad 
in  lbs.  (millions) 

90. 1 

901.0 

1870. 0 

2880. 0 

Fual  consumad,  ia 
Iba.  (miUions) 

27.2 

226.0 

430.0 

635.0 

Cost  of  fual 
consumad  (millions) 

$0.41 

$3.40 

$6.49 

$9.  52 

Propallar>drivan  aircraft  ara  laaa  likoly  to  raquira  thia 
contiagancy  fual  pad  dua  in  part  to  tho  ahortar  langth  of  flight  aa  wall  aa 
tha  highar  axparianca  laval  on  this  typa  aircraft.  Tho  contingancy  raaarvo 
ia  thorafora  not  considarad  for  propallar  aquipmaat. 

Thia  analysis  doaa  not  cenaidar  othar  modifying  factors, 
auch  aa  tha  aconomic  advantaga  of  carrying  fual  through  stationa  bocauaa  of 
pries  difforancaa  in  fual  at  varioua  locationa.  Such  rafinamaat  would  raoult 
in  vary  littla  incraaaa  in  tha  accuracy  of  tha  raaulta. 
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Prei«ct>d  Aitrnato  and  Coptlnitncy  Fuel  Cotta,  Ptrlod  1960-1975 

Sine*  Um  r«««rv«  fual  r«qttlr«in*nti  ar«  «  direct  function  of  numbor  of 
flighte,  it  ie  poMibU  to  project  the  total  coeta  for  the  15  year  period  ahead, 
if  the  number  of  expected  flighta  can  be  eatitnated.  Baaed  on  FAA  forecaata^ 
and  aaauming  no  change  in  the  aviation  weather  eervicea,  the  projected  reaerve 
fuel  coeta  due  to  weather  faetore  are: 


Table  14.  Eetimated  Coate  of  Alternate  and  Contingency  Fuel 
Due  to  Weather.  1960*1975  (In  million  dollara) 


A.  TURBOJETS 


Item 

1960 

1965 

1970 

1975 

No.  of  air  carrier 

Jet  flighta,  in  miUioaa 

.1 

.  996 

2.083 

3.218^ 

Average  length  of 
flight,  hra. 

3.7 

1.23 

.96 

.83 

Fuel  conaumed  par 
additional  pound 
carried,  pounda 

.3 

.25 

.23 

.22^ 

Alternate  Jet  fuel 
for  air  carrier 
fleet  (million  pounda) 

142.0 

1185.0 

2270. 0 

3450.  0 

'Total  coat  of  fuel 
conaumed  to  carry 
alternate  at  1 .  5 
centa/lb.  (milliona) 

$2.13 

$17.76 

$34.05 

$51.75 

Contingency  fuel^ 
carrled(min.  4000 
pounda  per  flight) 
(million  pounda) 

400 

4000 

8320 

128880 

Total  coat  of  fuel 
conaumed  to 
carry  contingency 
at  1. 5  cente/lb. 
(million) 

$1.80 

$15.00 

$28.71 

$42.  64 

Pilote  additional^ 
contingency  fuel 
carrier  (million 
pounda) 

90.1 

901.0 

1870, 0 

2880. 0 

Total  coat  of  fuel 
conaumed  to  carry 
pilot*  a  contingency 
(milliona) 

$0.41 

$3.40 
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$6.49 

$9.  52 

Table  14.  Eitimated  Coete  of  Alternate  and  Contingency  Fuel  Due 
to  Weather.  1960-1975  (In  million  dolUre)(Cont'd. ) 


B.  PROPELLER  DRIVEN 


Item 

1960 

1965 

1970 

1975 

Additional  flying 
time  required  to 
carry  alternate 
fuel,  hours 

10,  660 

10,  660 

9,  070 

9.  100 

Cost  per  hour 

$252 

$248 

$244 

$240 

Total  cost  of 
additional  flying 
time  (millions) 

$2.68 

$2.64 

$2.  21 

$2.  18 

C.SUM  OF  A  AND 

B  -  TOTAL  COST 

IN  MILLION 
DOLLARS 

$7,02 

$36.80 

$71.46 

$106.09 

‘pAA  "Forecaet  of  Annual  Flight  Activity  in  CONUS  1960-1975" 

^OC-8  Operating  Manual 

^The  minimum  noted  wae  4000  pounda.  More  than  thia  minimum  ie  carried 
on  some  flight  operatione. 

4 

This  la  a  confidence  factor.  Present  air  carrier  experience  indicates  that 
92%  of  all  pilots  accept  computer  flight  plans,  while  8%  select  different 
altitudes  and/or  routes.  It  was  found,  that  on  28%  of  the  92%,  or  25.  6% 
of  all  flights,  the  captain  requests  an  additional  average  of  3500  pounds 
per  flight. 
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Th«  continganey  and  altarnata  fual  pad  coats  rsproaant  araaa  of 
potential  aeonomie  banafit  to  ba  gained  by  more  accurate  weather  fora* 
castiag,  shorter  foraeasting  periods  and  a  greater  confidence  factor  on 
the  part  of  the  airline  pilot  and  dispatcher.  The  turbojet  operation  is 
especially  penalised  by  the  added  costs  of  ferrying  reserve  fuel,  and  the 
greatly  increasing  number  of  Jet  flighte  in  the  15  year  period  ahead  will 
result  in  considerable  cost  to  the  air  carriers,  unless  necessary  improve* 
meats  in  weather  forecaeting  are  made.  See  Figure  5. 
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FIGURE  5  COSTS  OF  RESERVE  FUEL  REQUIREMENTS  OF 
AIR  CARRIERS  DUE  TO  WEATHER  UNCERTAINTES 
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6. 


CancalUtioin 


a.  Nundtcr  at  CancalUtioiia  Du«  to  Woathor 

Tho  total  tiumbar  of  ravaaua  paisongar  mlUa  flown  par 
month  by  tha  trunk  and  local  aarvica  carriara  ara  plottad  on  tha  attachad 
grapha.  Figuraa  6  and  7.  It  can  ba  aaan  that  thara  la  a  markad  aaaaonal 
variation  in  both  curvaa  with  a  maximum  in  Auguat  and  a  minimum  in 
Fabruary.  Tha  diffaranca  batwaan  tha  maximum  and  minimum  in  both 
caaaa  ia  on  tha  ordar  of  20%  of  tha  total  number  of  ravanue  paaaenger 
milaa  flown.  Tha  real  diffaranca  ia  no  doubt  aomawbat  laaa,  although 
atill  appraciabla.  duo  to  tha  fact  that  Fabruary  haa  thraa  laaa  daya  than 
Auguat. 


Tha  fact  that  waathar  factora  play  an  important  part  in 
datarmining  thia  aaaaonal  variation  ia  obvioua.  Howavar,  thia  affect 
cannot  ba  iaolatad  from  other  factora  auch  aa  tha  habita  of  tha  traveling 
public,  aummar  vacation  parioda.  ate. ,  uaing  thia  data. 

A  different  type  of  data,  available  from  Civil  Aaronautica 

Board  publicationa,  ia  uaaful  for  thia  purpoaa.  Thia  ia  tha  actual  aircraft 

milaa  flown  expraaaad  aa  a  percentage  of  the  aircraft  milea  acheduled,  data 

for  which  ia  available  for  the  yaara  1952*1960.  Tha  data  ara  combined  for 

both  domeatic  trunk  and  local  aervice  carriera.  The  monthly  averagea  are 

given  in  tha  table  below  and  plotted  on  the  attached  graph.  See  Figure  9. 

Scheduled  Aircraft  Milaa  Actually  Percent  of  Scheduled 
Flown  aa  a  Percent  of  Schadulad  Mileage  Cancelled  Due 
Aircmft  Milaa,  1952-1960  to  Weather  Factora 


January 

94.  72 

3.79 

Fabruary 

95.83 

2.68 

March 

96.29 

2.  22 

April 

98.07 

0.44 

May 

98.26 

0.25 

Juna 

98.  18 

0.  33 

July 

98.  53 

0.  00 

August 

98.49 

98.51 

0.00 

Saptambar 

98.50 

0.00 

October 

98.23 

0.28 

November 

96.97 

1.  54 

December 

95.78 

Annual  Average 

2.73 

Trm 
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FIG.  6.  REVENUE  PASSENGER  MILES  i 

DOMESTIC  TRUNK  CARRIERS 
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REVENUE  MSSENOER  MILES 
LOCAL  SERVICE  CARRIERS 


It  e«i  b«  •••&  that  tha  pareantag a  of  achadulad  aircraft 
milaa  actually  floam  ia  at  a  ralativaly  high,  coaataat  laval  during  tiM  thraa 
good  waathar  nontha  of  July,  Auguat  and  Saptambar  (98. 51%),  daacanda 
through  tha  autumn  to  a  minimum  in  January  (94.  72%),  and  improvaa  ataadily 
through  tha  apring  back  to  tha  aummar  high  laval. 

Flight  cancallationa  are  dua  aaaantially  to  two  main  cauaoa: 
waathar  factora  and  macbanlcai  failuraa.  In  tha  thraa  good  waathar  montha, 
waathar  factora  ara  largaly  aon>axiatant,  whila  machanical  fhiluraa  ara 
fairly  eonatant  throughout  tha  yaar.  Tima,  tha  diffaranca  batwaan  tha  good 
waathar  parformanca  and  that  of  tha  ramaining  montha  can  ba  attributad 
to  waathar  factora  only.  Figure  8.  Such  an  aatimata,  if  anything,  ia  conaar- 
vativa,  ainca  thara  ara  a  certain  numbar  of  waathar  cauaad  cancallationa 
in  the  aummar  montha. 

If  thaaa  diffaroncaa  are*  tabulated,  a  maximum  of  cancalla* 
tions  ia  found  for  tha  month  of  January,  amounting  to  3.  79%  of  tha  achadulad 
aircraft  mileage,  and  a  minimum  of  aaro  during  tha  montha  of  July,  Auguat 
and  Saptambar.  Thia  raaulta  in  an  annual  average  of  1. 19%.  Saa  Figure  9. 

Tha  yaarly  avaragaa  of  parcantaga  of  achadulad  aircraft 
milaa  actually  flown  ara  praaantad  balow  for  tha  yoara  1952>1959.  It  can  ba 
aaan  that  tha  parcantaga  haa  ramainad  remarkably  eonatant  over  tha  antira 
period,  no  tranda  being  apparent.  A  projection  of  no  aaaantial  change  can  ba 
made  for  tha  future,  barring  major  improvmn  ante  in  air  traffic  control, 
mechanical  reliability  and/or  aviation  waathar  aarvica. 

Scheduled  Aircraft  Milaa  Actually  Flown  aa  a  Percent 
of  Scheduled  Aircraft  Milaa 


1952 

97.07% 

1953 

97.44% 

1954 

97.81% 

1955 

97.  98% 

1956 

96.  65% 

1957 

97.43% 

1958 

97.  37% 

1959 

97.  33% 
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CANCCLLATIONS 


FIGURE  8.  WEATHER  CAUSED  CANCELLATIONS 
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FIO.  9.  AIRCRAFT  MILES  FLOWN  AS  PERCENT  OF  AIRCRAFT 

MILES  SCHEDULED 

(AVCRAKt  ISeZ-IMO) 


b.  Intar ruptad  Trip  Expanae 

Tha  coat  to  tha  airlinaa  of  taking  cara  of  paaaangara  whoaa 
tripa  ara  intarruptad  by  waathar,  machanicala.  etc. ,  ia  reported  to  the  CAB 
on  Form  41  quarterly.  Tha  carriara  are  Inatructed  to  record  "expenaea 
allowed  or  paid  for  the  cara  and  aerving  of  paaaangara  becauae  of  unacheduled 
interrupted  paaaangar  journaya.  Coat  to  the  air  carrier  of  forwarding  paaaen- 
gara  by  aurface  common  carrier,  or  ticket  refunda,  ahall  not  be  charged  to 
thia  account.  ..." 

Tha  coat  incurred  by  aix  repreaentative  airline  a,  three  trunk 
carriara  and  three  local  aervice  carriera,  choaen  ao  aa  to  give  a  geographical 
diatribution  for  tha  yaara  1959,  1960  and  the  firat  half  of  1961,  are  given  in 
Table  IS.  To  permit  compariaon  between  airlinea  theae  figurea  have  been 
divided  by  revenue  paaaenger  milea  flown  for  each  quarter  and  the  reaulta 
preaented  in  Table  16. 

The  average  coata  to  the  three  trunk  carriera  and  the 
three  local  aarvica  carriera  are  plotted  in  the  attached  grapha.  ^  seaaonal 
trend  with  maximum  coata  occurring  in  the  winter  montha  and  minimum  coata 
in  the  aummer  montha  ia  evident.  We  ahall  aaaume  that  theae  averagea  can 
be  applied  to  the  whole  induatry. 

The  extent  to  which  interrupted  trip  expenae  may  be  attri¬ 
buted  to  weather  can  be  eatimated  by  taking  the  difference  between  the  two 
winter  quartera,  when  expenaea  are  high,  and  the  two  aummer  quartera,  when 
they  are  relatively  low.  Thia  aaaumea  that  diveraiona  and  cancellationa  in  the 
aummer  quartera.  the  2nd  and  3rd,  are  due  to  non-weather  factora,  principally 
mechanical  failurea,  and  that  the  exceaa  in  the  winter  quartera.  the  4th  and  lat, 
over  thia  figure  repraaenta  the  effect  of  adverae  weather  aince  non-weather 
factora  ahould  remain  eaaentially  conatant  throughout  the  year.  If  anything, 
thia  eatimate  ia  conaervative  aince  there  are  a  certain  number  of  cancellationa 
and  diveraiona  due  to  weather  cauaea  in  the  aummer  montha. 
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Tabu  IS.  latarruptad  Trip  Expanaa  in  DoUara 
Quartar  Ending 


Carriar 

Mar  31 

Jun  30 

1959 

Sapt  30 

Dec  31 

Year 

Unitad- 

Domaatic 

176. 249 

56.  769 

68, 834 

146, 055 

447, 907 

Eaatarn- 

Domaatic 

237. 126 

158. 433 

153,400 

251,848 

800,  807 

Waatam- 

Domaatic 

29.  900 

14.  676 

22. 966 

45, 602 

113, 144 

Mohawk 

5.434 

2.912 

3.  349 

5,  278 

16.973 

North  Central 

6.  957 

7.466 

5. 150 

34.  130 

Waat  Coaat 

1.945 

1.476 

2,023 

M.  191 

1960 

United- 

Oomaatic 

197, 136 

135.  249 

128, 101 

212, 690 

673, 176 

Eaatam- 

Domaatic 

353. 256 

246.714 

179,037 

180, 100 

959, 107 

Weatam- 

Domaatic 

45.  390 

19.  068 

25,731 

31,641 

121,830 

Mohawk 

7.296 

5.  599 

6, 454 

6,  501 

25,850 

North  Central 

2.410 

11.044 

6,936 

8,985 

29,375 

Waat  Coaat 

5,  336 

3.  377 

3,573 

5,828 

18, 114 

1961 

United- 

Domaatic 

334, 188 

153. 163 

Eaetam- 

Domaatic 

280. 156 

124.  172 

Waatem- 

Domaatic 

26. 193 

17.  929 

Mohawk 

7.  528 

7. 140 

North  Central 

12.  455 

Waat  Coaat 

t 

4.832 
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TabU  16.  Intarraptad  Trip  Expanta  In  Canta  Par  1000 

Ravanua  Pnaaangar  Mllaa 


United 

Eastern 

Waatam 

Mohawk 

North 

Central 

West 

Coaat 

1959 

lit  Quartar 

22.4 

15.9 

23.  1 

23.5 

14.2 

2ad  Quarter 

13.9 

7.3 

11.2 

19.3 

9.2 

3rd  Quartar 

13.  3 

8.7 

11.8 

10.6 

9.7 

4th  Quartar 

13.8 

22.9 

18.6 

17.9 

36.6 

41.0 

1960 

let  Quarter 

19.2 

31.4 

18.7 

34.2 

6.4 

24.8 

2nd  Quarter 

9.7 

25. 1 

8.2 

18. 1 

25.0 

13.8 

3rd  Quarter 

8. 1 

17.8 

19.2 

14. 1 

13.6 

4th  Quarter 

14.1 

19.  1 

19.4 

22.0 

28.5 

1961 

1st  Quarter 

24.1 

28.7 

23.8 

28.9 

21. 1 

2nd  Quartar 

8.8 

11.9 

dB 

18.0 

19.7 

8.9 

Average  of  Trunks 

Average  of  Locals 

Average  of  Total 

1959 

1st  Quarter 

17.9 

20.3 

19. 1 

2nd  Quarter 

9.2 

13.2 

11.2 

3rd  Quarter 

8.8 

10.7 

9.8 

4th  Quarter 

18.4 

31.8 

25. 1 

1960 

1st  Quarter 

23. 1 

21.8 

22.5 

2nd  Quartar 

14.3 

19.0 

16.7 

3rd  Quartar 

11.9 

15.6 

13.8 

4th  Quarter 

16.2 

23.3 

19.8 

1961 

IsirOuarter 

23.7 

24.6 

24.2 

2nd  Quarter 

9.9 

15.5 

12.7 
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W«  wiU  tta*  tha  intarruptad  trip  axpanaaa  figura  for  tha 
domaatic  trunk  carriara.  ainca  thaaa  rapraaant  tha  grant  majority  of  tha 
ravanua  paaaangar  milaa  flown  and  ara  laaa  than  tha  comparative  expenaea 
for  tha  local  aarvica  carriara.  From  tha  tabla  for  interrupted  trip  expenae 
we  find  that  tha  avaraga  for  the  five  aummer  quartera  (2nd  and  3rd)  ia  10.  8 
centa  per  1000  revenue  paaaangar  milea  and  the  corraaponding  average  for 
the  five  wintar  quartern  (lat  and  4th)  ia  19.  9  canta.  Tha  difference  ia  9.  1 
centa  par  1000  revenue  paaaangar  milaa  which  will  be  uaed  in  projecting 
thia  type  of  expenae  into  the  future.  See  Figura  10. 

In  order  to  compute  tha  annual  coata  to  the  airlinea  of 
interrupted  tripa  in  future  yeara.  we  will  uae  tha  paanenger  traffic  projec- 
tiona  given  in  the  report  of  Project  HorisonV  which  are  aa  follown: 

•  i960-  30  billion  revenue  paaaangar  milea 

•  1965  -  43  billion  revenue  paaaenger  milea 

•  1970  •  57  billion  revenue  paaaangar  milaa 

In  addition,  tha  Traffic  Analyaia  Branch.  Syatama  Engineer¬ 
ing  Diviaion.  Aviation  Raaaarch  and  Development  Service.  FAA.  eatimataa 
an  annual  figura  of  73  billion  revenue  paaaangar  milaa  by  1975.  We  will  uae 
atraight-line  interpolation  between  the  four  pointa  to  obtain  annual  figurea. 

One  final  atap  ramaina  before  a  projection  can  be  made.  The 
curvea  of  revenue  paaaenger  milaa  flown.  Figurea  6  and  7  ahow  that  there  ia 
a  marked  aeaaonal  variation  in  travel  with  a  maximum  in  the  aummer  montha 
and  a  minimum  in  tha  wintar  montha.  Tha  diatribution  during  fiacal  yeara 
1960  and  1961  waa  54%  in  the  two  aummer  quartera  and  46%  in  the  two  winter 
quartera.  Accordingly  wa  will  multiply  tha  foracaat  revenue  paaaenger  milea 
for  the  entire  fiacal  year  by  a  factor  of  46%  in  order  to  obtain  a  value  for  the 
two  wintar  quartern.  Tha  raaulta  of  the  computation  are  given  in  the  following 
tabla: 

Report  of  tha  Taak  Force  on  National  Aviation  Coala,  September  1961. 
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FIO.  10.  INTERRUPTED  TRIP  EXPENSE,  CENTS  PER 
THOUSAND  REVENUE  R^SSENOER  MILES. 
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Tabu  17.  latarniptad  Trip  Expant* 


riseal  Year 

Fereeast  Revenue 
Passenger  hCilee 

(Billions) 

Revenue  Passenger 

Miles  Winter 
Quarters  (46%  of 

Forecast  Intsrru^ed 
Trip  Expense  Due 
to  Weather 

1960 

30.0 

13.8 

$1,256, 000 

1961 

32.6 

15.0 

$1,365,000 

1962 

35.2 

16.2 

$1,474,000 

1963 

37.8 

17.4 

$1, 583, 000 

1964 

40.4 

18.6 

$1,693,000 

1965 

43.0 

19.8 

$1,802,000 

1966 

45.8 

21.  1 

$1, 920, 000 

1967 

48.6 

22.4 

$2, 038, 000 

1968 

51.4 

23.6 

$2, 148, 000 

1969 

54.2 

24.9 

$2, 266, 000 

1970 

57.0 

26.2 

$2,  384, 000 

1971 

60.2 

27.7 

$2,  521,000 

1972 

63.4 

29.2 

$2,  657, 000 

1973 

66.6 

30.6 

$2,  785,  000 

1974 

69.8 

32.  1 

$2,  921,000 

1975 

73.0 

33.6 

$3. 058. 000' 

TOTAL  1960-1975 

c.  Cott  of  CancelUtiont 


When  advert*  w*ath*r  condition*  fore*  an  airlin*  to  cancel 
a  tcheduled  flight,  the  carrier  loeet  revenue  and  it  lubjected  to  additional 
expente.  Although  tom*  tavingt  are  realised  in  the  elimination  of  direct 
operating  coett  of  flying  the  cancelled  trip,  the  net  result  it  a  lost  to  the 
airline. 


Additional  operating  expentet  are  incurred  at  a  result  of: 

•  Interrupted  trip  expentt  -  hotel  rooms ,  meals, 

and  ground  transportation  of  passengers 

•  Duplicate  ticketing  expense  •  altering  or  rewriting 

tickets,  obtaining  alternate  reservations,  and 
handling  ticket  refund  requests 

•  Non-revsnu*  ferry  mileage  expense  -  non-revenue 

ferry  flights  required  to  re-position  aircraft  and 
restore  flight  schedules  to  normal 
-  bo  - 


Inf  rrupfd  Trip  Exptttf  •  This  if m  includes  all  axpsnsss 
allowed  or  paid  for  the  care  and  serving  of  passengers  because  of  unscheduled 
inf  rrupted  passenger  Journeys.  Such  expense,  reduced  to  unit  cost  per  reve¬ 
nue  passenger  mile  for  the  years  1959  and  I960,  and  the  first  six  months  of 
1961.  has  been  calculated  and  the  portion  due  to  weather  conditions  estimated. 
Using  FAA  forecasts  of  revenue  passenger  tniles  '  as  a  basis,  projections  have 
been  made  through  1975  and  are  presented  in  Table  17.  The  date  for  this 
analysis  were  obtained  from  the  airlines'  reports  on  CAB  Form  41;  it  should 
be  noted  that  the  amounts  so  reported  specifically  exclude  the  costs  of  for¬ 
warding  passengers  by  surface  common  carrier  or  ticket  refunds  and,  there¬ 
fore.  are  probably  underestimated.  Interrupted  trip  expense  is  incurred  in 
the  case  of  diversions  as  well  as  cancellations,  but  no  information  is  avail¬ 
able  as  to  the  distribution  of  expense  between  the  two  causes.  Accordingly, 
for  the  purpose  of  this  analysis,  it  has  been  assumed  that  one -third  of  this 
expense  is  incurred  in  the  case  of  cancellations  and  two-thirds  in  the  case 
of  diversions,  the  latter  normally  being  more  involved  and  consequently 
more  expensive. 

Duplicate  Ticketing,  Reservations,  etc.  -  Ac  in  the  case  of 
diversions,  cancellations  involve  additional  expense  to  the  airlines  in  altering 
or  reissuing  tickets,  making  new  reservations,  etc.  This  is  estimated  to 
amount  to  two  percent  of  the  total  booked  revenue  on  the  flight. 

Non-revenue  Ferry  Mileage  Expense  -  Ferry  mileage  has  been 
estimated  to  comprise  approximately  10%  of  the  total  non-revenue  mileage  flown 
by  domestic  airlines,  the  remainder  being  primarily  for  training,  proficiency 
checks,  etc.  Of  the  total  ferry  mileage,  it  has  been  assumed  that  one-half  is 
flown  for  the  purpose  of  re -positioning  aircraft  in  order  to  restore  normal 
schedules  after  disruption  due  to  flight  cancellations.  Non-revenue  mileage  has 


"Aviation  Forecasts,  Fiscal  Years  1962-67",  Economics  Branch.  Air  Commerce 
Division,  Office  of  Plans,  Federal  Aviation  Agency. 


-  61  - 


b««B  •■tlmatad  to  compiiao  1.6%  of  tho  total  rovoauo  mileago  for  domoatic 

airlinoa^.  Combialag  tbaao  two  oatimataa  raaulta  in  a  final  figura  of  0. 08% 

of  tho  total  ravonua  aircraft  tniloa  which  aro  flown  to  rapoaition  aircraft 

aftar  waatbor-cauaad  flight  cancallatlOBa.  An  annual  projaction  of  thia  axpanaa 

2 

baa  baan  mada,  baaad  on  FAA  foracaata  of  ravanua  aircraft  milaa  through  the 
yaar  197S,  and  ia  praaantod  in  Table  18. 

Loat  Paaaengar  Revenue  -  In  the  caae  of  a  flight  cancellation, 
a  certain  portion  of  the  paaaengara,  particularly  on  ahortar  fligbta,  will  turn  to 
alternate  meana  of  tranaportation  i.  e. .  rantad  automobile,  railroad,  or  bua, 
ainca  it  ia  poaaible  for  them  to  reach  their  intended  deatination  within  a  few 
houra  of  the  time  originally  planned.  On  the  other  hand,  paaaengara  on  long> 
haul  flighta  do  not  have  thia  alternative  and  muat  wait  for  the  weather  to  im> 
prove,  taking  a  later  flight.  Thua,  the  portion  of  the  original  paaaengara  on 
the  cancelled  flight  who  atill  utHiae  air  tranaportation  variea  directly  with  the 
length  of  the  particular  trip  involved.  A  pravioua  atudy  ,  uaing  a  aliding  acale 
of  paaaengar  retention  according  to  trip  length  and  the  CAB  Origination  •  Dea> 
tination  Air  Traffic  Survey  for  19S8,  arrived  at  a  weighted  average  rate  of  paaaen> 
ger  air  traffic  retention  of  47%.  Uaing  an  average  revenue  figure  per  flight, 
aa  eatimated  on  page  64  ,  the  average  loaa  of  revenue  per  cancelled  flight 
(53%)  haa  bean  oatimated  for  the  entire  domeatic  airline  induatry.  Thia  figure 
haa  been  applied  to  the  forecaat  number  of  airline  fligbta  through  1975^  in  arriv¬ 
ing  at  eatimated  loaaaa  of  revenue  due  to  weather-cauaed  flight  cancellationa 
through  1975.  No  attempt  haa  been  made  to  forecaat  changea  in  farea  or  load 
factora  in  theae  calculationa. 

"National  Requirementa  for  Aviation  Facilitiaa,  1956-1975" 

^Cited  1,  pg.  61 

^"Foracaata  of  Loaaea  Incurred  by  U.  S.  Commercial  Air  Carriara  due  to  Inability 
to  Deliver  Paaaengara  to  Deatination  Airporta  in  all-weather  conditiona,  1959-1963" 
United  Re aearch,  Inc.,  March  1961 

^"Foracaata  of  Air  Traffic  Activity.  CONUS  1960-75.  "Traffic  Analyaia  Branch, 
Syatena  Engineering  Diviaion,  ARDS, FAA,  Sept.  1961 
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Uaing  the  eeeumptione  set  forth  in  the  preceding  aections, 
the  eatimeted  coata  of  flight  cencelUtiona  through  1975  have  been  calculated 
and  are  preaented  in  Table  18.  The  baaic  data  uaed  intheae  eatimatea,  aa 
well  aa  thoae  for  diveraiona.  are  preaented  in  Table  19. 


Table  18.  Eatlnnated  Coata  of  FligM  Cancellationa  Due  to  Weather 
1960-1975  (tnilliona  of  dollara) 


Groaa 

1960 

1965 

1970 

1975 

Revenue  Loaa^ 

$13.48 

$17.41 

$23.  63 

$30.  95 

Paaaenger 

Interrupted  Trip 

Expenae^ 

$  0.42 

$  0.60 

$  0.80 

$  1.02 

Duplicate  Ticketing 
Reaervationa,  etc.^ 

$  0.51 

$  0.66 

$  0.75 

$  0.98 

Non- revenue 
ferry  mileage'^ 

$  1.  16 

$  1.43 

$  1.61 

$  1.71 

Groaa  Coata 

$15. 57 

$20. 10 

$26.79 

$34.  66 

Leaa  Savinga  on 

Direct  Operating 

Expenae 

$10.03 

$13.76 

$15.42 

$16.66 

Net  Coata  of 

Cancellationa 

$  5.54 

$  6.34 

$11.37 

$18.  00 

Number  of  Flight 
Cancellationa  due 
to  Weather® 

45. 400 

54, 400 

63, 700 

73,700 

Average  Coat  per 
Cancellation 

$122 

$116 

$179 

$244 

^Estimated  aa  53%  of  total  revenue  booked  on  flighta  cancelled  due  to  weather 


2 

Eatimated  aa  one-third  of  total  paaaenger  interrupted  trip  expenae  due  to  weather 
^Eatimated  aa  2%  of  total  revenue  booked  on  flighta  cancelled  due  to  weather 
^Eatinnated  aa  5%  of  non-revenue  aircraft  mileage. 

^Eatimated  aa  1.  19%  of  acheduled  flighta;  "Forecaata  of  Air  Traffic  Activity, 
CONUS,  1960-1975,  Traffic  Analyaia  Branch,  Syatema  Engineering  Diviaion, 
ARDS,  FAA,  September  1961,  and  page  52. 
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Tabu  19.  Basic  Data  Used  in  Estimating  Loss  Due  to  Cancellations 
and  Diversions  due  to  Weather 


1960 

1965 

1970 

1975 

Average  Revenue 
per  Trip 

$560 

$604 

$700 

$792 

Average  Revenue 
Loss  per  Flight 
CancelUtion 

$297 

$320 

$371 

$420 

Total  Operating 

Cost  per  Flight 

$375 

$390 

$376 

$347 

*Dlrect  Operating 
Cost  per  Flight 

$243 

$253 

$242 

$226 

Average  Airline 

Fleet  Speed  (mph) 

236.2 

313.8 

363.0 

390.7 

Average  Cost  per 
Flight  Mile 

$1.53 

$1.55 

$1.51 

$1.44 

Average  Duration 
per  Airline  Flight 
(hours) 

1.01 

0. 78 

0.66 

0.60 

Number  of  Airline 
Flights  (millions) 

3.81 

4.57 

5.34 

6.  19 

Revenus  Aircraft 
Milos  (millions) 

910.6 

1119.6 

1281.6 

1448.5 

at  65%  of  total  oparating  coat* 

_ : _ 
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7. 


Oivarfiou 


a.  Cotta  oi  Dlvortiont 

Whtn  aa  aircraft  on  a  tehadulad  flight  it  unabla  to  land  at 
itt  doatination  airport  and  divarta  to  an  altornata  tarminal,  additional  operating 
axpanaaa  art  incurred  by  the  airline  due  to: 

*  Additional  flying  time 

*  Non«revenue  ferry  flight 

*  Paeaenger  interrupted  trip  expenaea 

*  Duplicate  ticketing  and  reaervation  aervice 

Flight  Bxpenae  •  Diveraion  of  an  aircraft  to  an  alternate  airport 
uaually  involvea  additional  flying  time  over  and  above  that  acheduled  for  the 
flight,  which  may  involva.  holding  over  the  original  deatination,  flying  to 
the  vicinity  of  the  alternate  airport,  and  holding  over  the  alternate.  To  arrive 
at  coat  figurea  it  ia  eatimated  that  the  average  additional  flying  time  for  the 
domeatic  carriera  in  the  event  of  a  diveraion  ia  on  the  order  of  one  hour.  In 
eatimating  the  annual  number  of  diveraiona  through  1975,  it  baa  bean  aaaumed 
that  the  1960  ratio  of  diveraiona  to  cancellationa  (14.  3%)  will  remain  conatant. 

Ferry  Flight  •  The  diveraion  of  an  aircraft  to  an  alternate 
airport  producer  a  diaruption  in  the  planned  poaitioning  of  aircraft  to  carry  out 
future  flight  achedulea.  Reatoration  of  acheduled  operationa  at  the  original 
deatination  airport  depende  upon  the  availability  of  auitable  aircraft.  Thia  can 
be  accompliahed  through  aubatitution  or  by  ferrying.  The  ferrying  may  not 
neceaaarily  involve  the  particular  diverted  aircraft  but  one  at  a  cloaer  or  more 
convenient  location.  Accordingly,  it  in  eatimated  that  each  diveraion,  on  the 
average,  will  involve  one-half  hour  of  non-revenue  ferry  flight  aa  an  additional 
expenae. 

Paaaenger  Interrupted  Trip  Expenae  -  The  expenaea  incurred 
in  providing  accomodationa,  ground  tranaportation,  etc. ,  to  paaaengera  on 

diverted  tripa  are  conaiderably  greater  than  thoae  involved  in  cancellationa. 

.  C6  - 


In  th*  ca««  ci  c»ne«U«tloa*,  th*  point  ol  origin  of  tho  flight  ia  Ukaly  to  ba  tha 
raaldanca  of  a  conaidarabla  aumbar  of  tha  bookad  paaaangara.  HOwavar.  with 
a  divaraion,  tha  point  of  arrival  ia  naithar  tha  homa  city  nor  tha  planaad 
daatination  of  tha  paaaangara.  fflnea  tha  intarruptad  trip  axpanaaa  raportad 
by  tha  airlinaa  ara  not  aaparatad  by  eauaa,  it  ia  aatimatad  that  two>thirda 
of  tho  total  ara  dua  to  divaraiona  and  ona*third  to  cancoUationa.  (Tabla  20i 

Duplicata  Tickatini  lapanaa  •  Tha  additional  axpanaaa 
ineurrod  in  altaring  or  raiaaning  tiekata,  making  altomata  raaorvationa,  and 
handling  tlckat  rafunda  ara  primarily  a  function  of  tha  numbar  of  paaaangara 
involvad  which  in  turn  ia  cloaaly  ralatod  to  tha  amount  of  ravanua  racoivod 
for  tha  cancoUad  flight.  Pravioua  atudiaa^  hava  arrivad  at  a  figuro  of  two 
parcant  of  tha  total  ravanua  for  tha  flight.  Sinca  no  additional  aatimataa  hava 
baan  producod  oinca  that  tima.  wa  ahall  uaa  that  figura.  Annual  coat  aatimataa 
undor  thla  itom  ara  praaantad  ia  Tabla  20. 


Tabla  20,  Catimatad  Coata  of  Flight  Divaraiona  dua  to  Woathar  1960-75 

(par  night) 


1960 

1965 

1970 

1975 

In-flight  dalay  (1  hr) 

$375 

$500 

$570 

$578 

Farry  flight  (ona-half 
hour) 

$188 

$250 

$285 

$289 

Intarruptad  trip 

oxponaa 

129 

154 

175 

193 

Duplicata  tickatlng, 
ate. 

11 

12 

14 

16 

Total  Cxpanaa  par 
Divoraion 

$703 

$916 

$1044 

$1076 

Numbar  of  divar- 
aiona  dua  to  waathar^ 

6500 

7800 

9100 

10. 500 

Total  coot  of 
divarolona(milliona) 

$4. 57 

$7. 15 

$9.  50 

$11.30 

Paaaaagar  Cradit  Plan  Invaatigation,  CAB  Dockat  10917 

2 

Tha  aaaumptloa  haa  baan  mada  that  tha  ratio  of  divaraiona  to  cancoUationa  in  1960 
(14. 3%)  will  ramainaaaantiaUy  eonatant  through  1975. 
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A  ipaeUl  caM  of  Urgo  poaoltioo  duo  to  divoroiooi  oxiott 
at  Los  Aagolat  latoraatioaal  Airport.  Dos  to  poculiar  ellmatic  conditions 
at  this  tanniaal.  boiow  laading  miniomms  froquontly  oxist  in  a  highly  loealisod 
area,  while  nearby  tertninale  such  as  Ontario,  California,  located  about  30 
miles  east,  are  clear.  Therefore,  most  turbojet  aircraft,  which  are  unable  to 
land  at  Los  Angeles,  presently  divert  to  Ontario. 

A  detailed  analysis  of  the  cost  of  1961  Ontario  diversions  is 
given  in  Appendix  F- 
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8.  Otf-Lo«dia«  Dtt*  to  EUv»t«d  Rwwmy  Tmmptntanm 

Surfmca  tanparataraa  at  tima  ef  taka*off  hava  a  diract  affact 
oa  taka-off  groaa  walght  of  tha  aircraft  for  a  givan  runway  langth.  On  hot 
daya  air  danaitiaa  ara  lowar  than  on  cold  daya  and  for  a  conatant  amount  of 
thruat  longar  taka-off  runa  ara  raquirad.  If  tha  taka-off  waight  axcaada  tha 
Umita  aat  for  a  particular  runway,  tha  aircraft  taka-off  groaa  waight  muat 
ha  raducad. ^ 

Off-loading  may  ha  accompliahad  by  raducing  tha  airplana'a  fuel 
load  and  by  planning  for  cruiaing  altitudaa  at  which  tha  anginaa  oparata  with 
lowar  fual  conaumption.  In  addition  to  fual.  cargo  and  paaaangara  may  bo 
takan  off  tha  aircraft.  Tha  graph  proaantad  in  Figura  11  ahowa  that  tha 
allowabla  groaa  waight,  or  in  tha  caaa  of  a  particular  typa  aircraft  and  trip 
langth  tha  allowabla  payload,  dacraaaaa  with  Incraaaing  runway  tamparaturoa.. 

In  our  oxampla,  which  dapicta  tha  OC-8  turbojat,  arith  JT3C-6  anginaa, 
loadod  for  a  tranacontinantal  flight,  tha  alloarabla  payload  dacraaaaa  approxi- 
mataly  1800  Iba.  par  10* F  up  to  a  runway  tamparatura  of  70* F.  Abova  thia 
tamparatura  tha  drop  in  allowabla  payload  ia  mora  than  4000  Iba.  par  10*F 
up  to  a  runway  tamparatura  of  110*F.  At  thia  tamparatura  tha  total  payload 
of  tha  tranacontinantal  OC-8  ia  raducad  to  4000  Iba. from  a  value  of  20, 000 
Iba.  at  70*F. 

In  actual  oparationa,  tha  coat  panaltiaa  involvad  in  off-loading  ara 
not  aignificant,  ainca  only  a  ralativaly  amall  parcantaga  of  all  jat  fUghta  ara 
carried  out  with  maximum  allowabla  payloada.  Moreover,  ainca  accurate 
tamparatura  foracaata  ara  uaually  available  at  turbojat  airporta,  tha  caaaa 
where  a  fully  loaded  aircraft  on  tako-off  aacountara  runway  temparaturaa 
appreciably  higher  than  thoaa  foracaat  ara  ralativaly  Infraquant.  Tha  quaation 
of  rapidly  changing  runway  tamparMiraa  ia  baaically  a  aumraartima  problem 
and  only  at  thoaa  airporta  where  an  interplay  of  land  and  aaa  braaaaa  ia  involved. 

^Thua,  ainca  during  flight  planning  tha  limitiag  groaa  waight  of  tha  aircraft  ia 
determined  from  a  foracaat  of  runway  temparaturaa ,  thia  weight  muat  be  modified 
if  tha  obaarvad  temparaturaa  at  taka -off  time  ara  markedly  higher  than  thoaa 
foracaat. 
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FIGURE  II.  EFFECT  OF  RUNWAY  SURFACE  TEMPERATURE  ON 
ALLOWABLE  PAYLOAD  DC-8  TURBOJET 


For  tho  ftbovo  rooaona.  ao  attonpt  hat  btta  madt  to  aatimato  tha 
eoata  laeurrad  by  tba  airllnaa  dua  to  off-loading,  avaa  though  aoma  ZO,  000 
traaaeoBtiBaatal  Jot  flighta  aro  nnado  aaaually  by  tho  major  trunk  linoa. 

Earouto  tomporature  dlffarancea  aro  ahown  in  Table  2  to  be 
of  relatively  minor  importance  to  turbojet  oporationa  and  of  no  importance 
to  piaton  operation  coata.  However  aurface  temperaturea  at  time  of  take-off 
are  important  to  certain  turbojet  flighta  in  pre-planning  the  groaa  weighta 
and  payload  for  the  flight.  Accurate  forecaating  of  temperaturea  can  influence 
fuel  load,  fuel  atopa,  off-loading  of  payload,  and  other  factora  which  are 
economically  important. 

Tablea  21,  A  and  B.  illuatrate  a  typical  effect  of  aurface  tempera¬ 
turea  on  an  average  jet  flight  (1960pC-8  powered  with  JT3C-6  enginea  aa  well 
aa  tha  effect  on  aa  average  tranacontinental  flight. 

Figure  11,  ahowa  graphically  tha  aame  effect.  From  thia  graph, 
it  can  be  aeen  that  the  average  abort  or  medium  diatance  turbojet  flight  in 
1960  would  not  have  been  influenced  by  temperaturea  whereaa  each  trana¬ 
continental  flight  can  be  influenced  to  a  coaaiderable  degree.  At  70*F  for 
example,  a  ten  degree  forecaat  error  in  aurface  temperature  at  time  of 
departure  could  reault  in  an  1800  pound  difference  in  allowable  payload  for 
the  tranacontinental  flight  but  would  have  no  effect  on  the  allowable  pay  of 
the  abort  or  medium  diatance  flight. 

In  addition  to  the  eummer  temperature  effect  on  the  longer  flighta. 
terminal  aurface  temperaturee  at  the  higher  altitudea  have  an  appreciable 
effect  on  groaa  take-off  performance.  Thia  problem  alao  occura  at  airports 
with  runway  length  reatrictione.  On  many  occaaiona  during  high  temperaturea, 
the  actual  uaable  load  cannot  be  determined  until  juat  before  diapatch.  Reducing 
the  groaa  in  theae  caaea  to  conform  with  the  aircraft' a  performance  ia  done  by 
either  reducing  the  fuel  load  with  or  without  a  planned  fuel  atop,  off-loading 
cargo,  mail,  or  paaaengera  in  order  of  their  importance. 
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Tabu  21.  Cffaet  of  Rnaway  Tampontura  on  AUowabla  Payload 


Aircraft  Typa:  DC-S  Turbojat 
Cngiaaa:  JT3C«b 


A.  AVERAGE  OOIAESTIC  FLIGHT  LENGTH:  3. 7  hourt 

Total  Fual  Carriad: 

Fual  conautnad 

48, 000  lbs. 

FAA  Raq.  and  Raaarva 
Fual 

12, 000  lbs. 

Mia.  altamata  fual 

6. 000  lbs. 

Total  Fual 

An  avaraga  flight  of  3. 7  hours  would  raqulra  tha  gross  wai]|ht  at 
taka ‘Off  to  ba  rastrictad  by  tba  Unding  waigbt  and  not  by  tha  runway 

tamparatura. 

Max.  Uading  waight 

193,  000  lbs. 

Fual  coasumad 

48,  000  lbs. 

Max.  Taka-off 

24LJOOOJ^ 

Waight 

In  ordar  to  datarmiaa  tha  allowabla  payload,  tha  waigbt  ampty  of  128, 800 

pounds  and  tha  total  fual  of  66, 
taka -off  waight: 

OOu  pounds  is  subtractad  from  tha  maximum 

Max.  taka -off  waight 

241,  000  lbs. 

Laos  waight  anapty 

128,  800  lbs. 

Laos  total  fual 

^000  lbs. 

Allowabla  Payload 

46,  200  lbs. 

This  allowabla  payload  is  virtually  eonotant  with  runway  tamparaturao 

up  to  100*F.  Saa  Figura  11. 
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Tabu  21.  Effaet  of  Runway  Tamparatura  on  Allowabla  Payload 

(Coat'd. ) 


B. 

AVERAGE  TRANSCONTINENTAL  FLIGHT. 

5;  10  houra 

Total  Fual  Carrlad: 

Fual  conaumad 

77,  000  Iba. 

12,  000  Iba. 

Min.  altamata  fual 

6.  000  Iba. 

Total  fual 

95.  000  Iba. 

Runway  Tamparatura 

Max.  Allowabla  Taka*off 

Tranacontinantal 

in  Dag.  Fahranhait 

Groaa  Waight 

Allowabla  Payload 

10 

(no  watar 

249. 100  Iba. 

25.  300  Iba. 

12 

injaction) 

247, 700  Iba. 

23,  900  Iba. 

14 

246, 300  Iba. 

22,  500  Iba. 

16 

244.800  Iba. 

21,000  Iba. 

18 

24S,  400  Iba. 

19,  600  Ifaa  . 

20 

(watar 

253. 400  Iba. 

29.  600  Iba. 

30 

ii^action) 

251.600  Iba. 

27, 800  Iba . 

40 

249. 700  Iba. 

25,  900  Iba. 

SO 

247, 900  Iba. 

24.  100  Iba. 

60 

246, 100  Iba. 

22,  300  Iba. 

70 

244.200  Iba. 

20,  400  Iba . 

80 

242. 400  Iba. 

18,  600  Iba. 

90 

. 

238,  500  Iba. 

14,  700  Iba. 

100 

233,  300  Iba. 

9,  500  Iba. 

110 

228, 200  Iba. 

4, 400  Iba. 

-  73  - 


9.  Summary  of  Total  Panaltla* 

Tablo  22.  Air  Carrior  Dollar  Panaltiai  (milliona) 


Item 

1960 

1965 

1970 

1975 

In-Flight  Delays 

$S.  69 

$9.23 

$9. 76 

$10. 23 

Passenger  Delays 

19.90 

24.  69 

32.64 

48.34 

Maintenance  Delays 

8.74 

11.  26 

13.05 

14.  20 

Alternate  and 
Contingency  Fuel 

7.02 

38.80 

71.46 

106.09 

Diversions 

4.5 

7. 15 

9.  50 

11.30 

Cancellations 

5.54 

6.34 

11.37 

18.00 

TOTALS 

$54. 46 

$97. 74 

$147. 78 

$208.16 

Table  22.  preeente  the  projected  total  penalties  to  the  air  carriers  due  to 
all  weather  causes. 
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PART  I 


B.  GENERAL  AVUTION 


B.  GENERAL  AVIATION 


1.  Introduction 

I  i  Thin  cnction  proannts  nn  oatiinnto  of  tha  coata  of  ganaral 

aviation  caaualtioa.  aquipmant  damaga,  and  dalaya  dua  to  waatbar 

I I  cauaaa.  Thaaa  coata  hava  baan  computad  from  preaantiy  available  data 
up  to  tha  year  1960  .  In  addition,  projactiona  of  caaualtioa  and  aircraft 

I  damage  In  tha  15  year  period  ahead.  1960-1975,  have  bean  made. 

! 

Tha  aubjact  matter  baa  baan  grouped  by  eatimataa  of  casualtiaa. 

1 1  auch  aa  fatalitiaa,  aarioua  iqjuriaa  and  minor  injuries  by  eatimataa  of  air¬ 

craft  deatroyad,  aariouely  damaged  and  auffering  minor  damage  and  by  aa- 
timataa  of  coata  involved  in  tha  caaa  of  dalaya.  Baaed  on  data  compiled  from 
aviation  inaurance  undarwritara  and  aircraft  manufacturer  a,  average  figuraa 
for  aircraft  damaga  and  tha  valuaa  of  currant  ganaral  aviation  aircraft  hava 
been  computad.  An  analyaia  of  tha  economic  loaa  from  an  aviation  fatality 
has  baan  prasantad,  permitting  tha  aatabliahmant  of  a  dollar  value  of  Uvea 

I  .  lost  in  ganaral  aviation  due  to  weather  in  the  15  year  period  ahead. 


2. 


Oemral  CoB«id»r*tion> 


The  Urgeet  eegment  of  the  airepece  users  is  the  general  aviation 

group.  In  1960  thie  group  comprised  some  72.  000  aircraft  and  by  1970  it 

will  have  grown  to  over  100, 000  according  to  latest  FAA  forecasts^.  By  1970 

this  large  fleet  will  fly  over  18  million  hours  in  contrast  to  the  air  carriers 

which  will  log  an  estimated  total  of  only  4  million  hours  and  the  military  which 

2 

will  fly  an  estimated  7  million  hours  .  General  aviation  has  the  largest 
incidence  of  casualties  and  aircraft  damage  due  to  weather  cauees.  It  is  logi¬ 
cal  to  conclude  that  this  group  will  continue  to  have  a  relatively  large  incidence 
of  accidents  and  other  disruptions  such  as  delays,  cancellations  and  diversions. 
This  analysis  concerns  itself  with  the  present  penalties  on  general  aviation  due 
to  weather  causes.  It  also  projects  the  trend  of  these  penalties  into  the  15  year 
period  ahead. 

In  examining  such  penalties  as  delays,  cancellations  and  diversions, 
which  general  aviation  must  pay  due  to  various  neather  causes,  one  is  confronted 
with  the  fact  that  these  penalties  are  considerably  more  diffictxlt  to  estimate  than 
for  air  carriers.  No  statistics  exist  for  the  numbei  of  hours  of  passenger  delays 
which  general  aviation  experiences  each  year  due  to  weather.  No  records  are 
kept  of  cancelled  flights  since  general  aviation  pilots  as  a  rule  do  not  fly  on  a 
schedule.  Diversions,  where  due  to  weather  the  aircraft  lands  at  a  terminal 
other  than  the  original  destination,  are  likewise  not  reported.  In  looking  at 
the  costs  to  the  passengers  Involved  in  these  penalties,  however,  they  are  just 
as  real  as  those  for  air  carrier  passengers.  A  large  part  of  general  aviation 
flying  is  for  pleasure  with  delays  and  cancellations  of  little  economic  conse¬ 
quence.  However,  business  flying  comprises  the  greater  share  of  general 
aviation  activities. 

^"Forecasts  of  Air  Traffic  Activity  in  the  Continental  U.  S.  1960-1975". 

Traffic  Analysis  Branch,  Aviation  Research  and  Development  Service,  FAA 

^Cited  1. 
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A  rcpraaaatetiv*  brMkdown  et  th*  proportion  of  plonturo  flying 
out  of  tho  totnl  gonoml  nvlntlon  flying  !•  given  by  tho  eompilntien  of  bouro  flown 
ingonox‘nl  nvintion  by  typo  of  flying  in  Tnblo  23  for  tho  yonra  1931  to  1960^.  Tho 
figure ■  indicate  that  the  aggregate  of  buaineae,  commercial,  and  inatructional 
flying  in  1960  amounted  to  76%  of  all  general  aviatimi  flying  houra.  Thua,  the 
financial  loaa  in  general  aviation  flying  cauaed  by  deiaya  and  cancellationa  cannot 
be  overlooked,  although  an  exact  determination  of  thia  loaa  ia  difficult  due  to 
the  lack  of  atatiatice. 


^"FAA,  Statiatical  Handbo^  of  Aviation", 


1961  edition 
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TabU  23.  Hoar*  Flown  In  Oonoral  Avlattoa,  by  Typo  of  Flyiof 
1931-1960  (TbottMBdo  of  Hoaro) 


Year 

Baeiaooa 

Cenmarelal  | 

laatraetienal 

Peraonal  | 

Total 

Houra 

IH 

^PerT 

cent 

cent 

rer- 

cent 

!■ 

bH 

1931 

1,083 

152 

14 

281 

307 

28 

343 

32 

1932 

877 

130 

15 

215 

223 

25 

309 

35 

1933 

795 

129 

16 

200 

198 

25 

268 

34 

1934 

846 

121 

14 

207 

24 

217 

26 

301 

36 

1935 

954 

132 

14 

229 

24 

292 

31 

301 

31 

1936 

1.059 

122 

12 

245 

23 

380 

36 

312 

29 

1937 

1. 173 

156 

13 

227 

19 

432 

37 

358 

31 

1938 

1,478 

188 

13 

254 

17 

577 

39 

459 

31 

1939 

1,922 

246 

13 

332 

17 

755 

39 

589 

31 

1940 

3,200 

314 

10 

387 

12 

1,529 

48 

970 

30 

1941 

4. 460 

250 

6 

511 

11 

63 

883 

20 

1942 

3,786 

270 

7 

473 

12 

71 

363 

10 

1946 

9. 788 

1,068 

11 

943 

10 

5,  996 

61 

1,686 

17 

1947 

16. 334 

1,966 

12 

1,279 

8 

10,  353 

63 

2,616 

16 

1948 

15. 130 

2, 576 

17 

1,066 

7 

8, 701 

58 

2,606 

17 

1949, 

11,031 

2,615 

24 

1,449 

13 

4,  187 

38 

2,732 

25 

1950* 

9. 650 

2,  750 

28 

1,500 

16 

3,  000 

31 

2,  300 

24 

1951 

8,451 

2,  950 

35 

1,584 

19 

1,902 

23 

1,880 

22 

1952 

8. 186 

3, 124 

38 

1,727 

21 

1,503 

18 

1,629 

20 

1953 

8.  527 

3,626 

42 

1,649 

19 

1,248 

15 

1,846 

22 

1954 

8,963 

3,875 

43 

1,829 

20 

1,292 

15 

1,920 

22 

1956* 

10.  200 

4,  600 

45 

20 

1,500 

15 

2,  100 

20 

1957, 

10. 938 

4. 864 

45 

2,013 

18 

1,864 

17 

it  109 

19 

11,700 

5,300 

45 

2.  200 

19 

2,000 

17 

2,  200 

19 

5,  300 

44 

18 

1,900 

16 

2,  600 

22 

I960 

12, 203 

5,  300 

44 

2, 200 

18 

1,700 

14 

2,  950 

24 

^Eatimated.  No  aurvoy  wma  conducted  covering  the  deaigneted  year. 

2 

Reviaed  eatimate. 

Source:  1931-42,  CAA  Nonacheduled  Flying  Reporta.  1943-45,  war  yeara,  no  data 
available,  1946-59,  CAA  Survey  of  Aircraft  Uae,  except  aa  noted.  1960,  Aircraft 
Uae  and  Inapection  Report  (Form  ACA-2350). 
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3. 


Accidsnti 


It  U  difficult  to  diatiU  from  tho  records^  of  gonoral  aviation  accidonta 
ovar  a  period  of  21  yaara  (1938-1959)  a  clear  cut  trend  which  can  be  extrapolated 
for  the  purpoae  of  predicting  the  incidence  of  general  aviation  accidenta  in  the  15 
year  period  ahead.  The  curve  plotted  in  Figure  12  reveala  that,  in  the  period  prior 
to  1945,  accident  occurrence  waa  quite  erratic  with  a  high  of  over  4,  000  accidenta 
reached  in  1941.  In  the  5  yeara  following  World  War  II,  accidenta  increaaed  almoat 
3  fold,  owing  to  the  fact  that  a  large  number  of  returned  aervice  men  took  up  flying 
in  amall,  general  aviation  aircraft,  thereby  creating  the  poat  war  flying  boom  with 
the  correaponding  high  accident  rate.  Subaequently,  a  aomewhat  more  even  trend 
ia  noticeable  with  the  apparent  atart  of  a  new  increaae  in  accidenta  occurring  in  the 
yeara  1957-1959. 

a.  Preaent  and  Future  Trend 

It  ia  evident  from  the  above  that  a  different  approach  muat  be 
uaed  to  project  an  expected  general  aviation  accident  trend  into  the  period  covering 
the  yeara  1960  to  1975.  A  logical  baaia  for  auch  an  approach  ia  to  examine  the 
total  number  of  houra  flown  during  1938-1959,  aince  the  probability  of  accident 
occurrence  ia  directly  related  to  the  length  of  time  the  pilot  and  the  aircraft  are 
expoaed  to  the  flight  environment.  A  plot  of  the  total  nunher  of  houra  flown 
in  general  aviation.  Figure  13,  reveala  a  racogniaable  trend  which  ia  compatible 
with  official  FAA  predictiona  of  houra  flown  in  the  15  year  period  ahead.  Table  24. 
When  the  paat  rate  of  accident  occurrence  per  million  houra  flown  ia  plotted,  the  curve 
ahowa  a  amooth  trend  of  continuoualy  decreaaing  amplitude  which  levela  off  in  1960 
to  an  almoat  conatant  rate  of  300  accidenta  per  million  houra  flown.  Figure  14.  The 
reaaon  for  thia  leveling  off  ia  thought  to  be  the  technical  improvementa  made  in 
light  planea  and  light  plane  enginea,  which  have  greatly  reduced  the  number  of 


The  recorded  data  on  general  aviation  accidenta  were  compiled  and  tabulated 
by  the  Civil  Aerona.itica  Board  before  1954,  Effectived  January  1,  1954,  the 
Civil  Aeronautica  Adminiatration  (now  the  Federal  Aviation  Agency)  took  over  the 
taak  of  inveatigating  accidenta  involving  fixed-wing  aircraft  of  12,  500  pounda  groaa 
weight  or  under.  In  addition,  etatiatica  of  aerioua  iqjuiiea  are  available  from  the 
year  1954  on,  aa  well  aa  a  compilation  of  aircraft  deatroyed  and/or  aeverely  damaged. 
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YEAR 

FIGURE  13.  GENERAL  AVIATION  TOTAL  HOURS  FLOWN 

'STATISTICAt  REVIEW.  RENERAL  AVIATION  ACCIOENTt.”  CALENOAR  YEAR  ItM, 


Tabu  24.  Foracaat  ci  Aircraft  riyiag  Hoara  ContiiMBtal  U.8. 

mo.1975  (nUUena)* 


Ownorahip  and 

Year  1 

Aircraft  Ciaaa 

1960 

1965  1 

1970 

1975 

Total 

26. 65 

29^ 

31.44 

Platon 

20.53 

20.68 

22. 13 

Turboprop 

.71 

1.52 

1.33 

^  Turbojet 

4. 61 

5. 15 

5.56 

Helicopter 

.80 

2. 12 

2.42 

Air  Carrier 

4.03 

3.79 

3.90 

4. 23 

Platon 

■EH 

.86 

.60 

Turboprop 

.93 

.80 

Turbojet 

1.23 

1.99 

2.67 

Helicopter 

.03 

.06 

.  12 

.  16 

General  Aviation 

12. 20 

15.70 

18.50 

21.00 

Platon 

11.98 

ra 

19.48 

Turboprop 

.02 

.25 

Turbojet 

a/ 

.05 

.07 

Helicopter 

.20 

1.01 

1.20 

MiliUry 

10.42 

7.07 

6.21 

Platon 

5.  53 

3.63 

2.58 

2.05 

Turboprop 

.  10 

.50 

.39 

.28 

Turbojet 

4.  22 

3.86 

3.11 

2.82 

1  Helicopter 

.57 

.69 

.99 

1.06 

a/  Laaa  than  5,  000  houra 

^Traffic  Analyaia  Study,  Foracaata  of  Air  Traffic  Activity,  Coatinantal  U.  S. 
1960-1975  Traffic  Analyaia  Branch,  Fadoral  Aviation  Agency,  Soptaxnbar  1961. 
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aceldanti  da*  to  maehaaieal  fallar*.  Thl*  eonitent  *eeid*Bt  rat*  ho*  b**ii 
proJ*et*d  to  tho  period  197S.  Eotimatoa  of  total  auinbor  of  gonoral  aviation 
aecidonta  can  thaa  b*  mad*  by  multiplying  th*  total  hoora  flown  by  tha  pro- 
Jactad  aceidant  rat*.  In  thi*  mannar  aatlmataa  of  gonoral  aviation  aecidonta 
can  b*  mad*  for  tk*  next  15  yaara: 

Yaar  1960  1965 

Aecidonta  4700  5300 

b.  Waathar  Aecidonta 

Whan  making  an  attempt  to  aingla  out  gonoral  aviation 
aecidonta  duo  to  waatkar.  an  important  fketor  ia  tkat  tkar*  ia  fraquantly  more 
tkan  on*  cauaa  for  an  aviation  aceidant.  Anotker  factor  ia  tkat  not  ovary 
aceidant  ia  reported  to  tk*  authoritioa.  Tkirdly,  many  aitoationa  roault  in 
near  aecidonta  in  tka  air  or  on  tk*  ground,  wkiek  navar  roack  tk*  accident 
fiioa.  Tkaa*  are  moatly  tk*  raault  of  waatkar  eauaaa.  Tkia  report  dooa 
not  attempt  to  aatimata  tka  numbor  of  near  aecidonta  occurring  ovary  yaar 
in  gonoral  aviation.  Likawia*  no  aatimatao  of  Bon>raportad  aecidonta  are 
iacludad.  Tk*  material  praaantad  bar*  ia  baaed  axeluaivaly  on  availabl* 
official  atatiatica  eompilad  by  tk*  Civil  Aaronautica  Authority,  tka  Federal 
Aviation  Agency  and  tka  Civil  Aaronautica  Board.  ^ 

It  ia  comparativoly  rara  that  an  aceidant  i*  duo  aololy  to 
on*  wall  defined  cauo*.  Uaually  a  combiaatieB  of  eauaaa,  which  may  includ* 
pilot  Judgmant,  navigational  arrora,  miaiatorprotatieB  of  waatkar  forocaata 
and  improper  flight  planning  bofor*  taka>off,  are  roapenaibl*  for  th*  aecidonta. 
Evan  tkoa*  aecidonta  labeled  aa  pur*  waatkar  accident*  may  have  more  than 
on*  cauaa.  A*  an  oxampl*,  w*  quota  her*  from  tk*  1956  Statlatieal  Analyaia 
of  Ganaral  Aviation  Aceidant*^,  "In  tabulaUng  cauaa  fketora,  no  on*  cauaa 

T - 

Ganaral  AvUtion  Aceidant*  (Non-Air  Carrier),  A  Statiatieal  Analyaia,  Calendar 
Year  1956. 

2 

Citad  1  above. 


1970  1975 

5800  6300 
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■•Uctod  ••  •  primary  ea«s*  alae*  fraqoantly  two  or  nwro  eouoo  factors 
wore  imrolvod.  All  probablo  caoso  factors  coatHbutiaf  to  aa  accidOBt 
wort  couatod.  Tims,  thoro  arc  more  causa  factors  thaa  aecidoats.  Tho 


most  coramoa  cause  factors  la  aecidoats  for  19S6  wore: 

1.  Lost  dlroctleaal  eoatrol  oa  frouad  458 

2.  laadoquato  flight  plaaalag  448 

3.  Tsllod  to  malatala  airspeed  435 

4.  Operated  la  uaeultablo  area  346 

5.  Laadad  too  fast  or  too  far  down  ruaway  196 

6.  Weather  1003" 


The  above  Ustlag  shows  that  weather  could  have  played  a  part 
in  several  of  the  other  quoted  causes,  such  as  gusts  or  cross  winds  in  case  1, 
lack  of  weather  briefing  in  cause  2,  or  poor  visibility  la  cause  3. 

If' all  accldeato  la  which  weather  was  at  least  one  of  the 
contributing  factors  were  considered,  our  projections  would  probably  have  to 
be  increased  by  20%  to  30%^.  A  typical  breakdown  for  the  year  1956  of  the 
weather  accidents  listed  above  shown  the  following; 


Low  Ceiling 

128 

Fog 

91 

Clouds 

9 

Rain 

54 

Thunderstorms 

21 

Downdraft 

Turbulence 

Wind  (includes  cross-wind  and  gusts) 

518 

Snow,  sleet,  or  hail 

28 

Miscellaneous  unsafe  conditions 

88 

Undetermined 

_ ^ 

Total 

1003 

1 


From  discussions  with  CAB  and  FAA  personnel. 
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Thl«  brMkdewn  •!»«•  that  by  ter  tit*  nort  frrqumit  caur* 
of  waathar  aceidaota  ia  wind,  iaeludiag  guata  and  eroaa*wiada  oa  ruawaya. 

Wind  aeeotmta  for  approKimataly  half  of  all  waathar  aceidaata. 

An  analyaia  of  avallabla  atatiatieo  ahowa  that  a  eonatant 
factor  of  approximataly  30%  of  all  accidanta  nay  ha  attributad  prinarily  to 
waathar  eauaaa  which  raaga  from  low  ealliaf  and  fog  to  guata  and  droaa-winda  on 
tho  runway.  Accidanta  in  which  waathar  waa  a  contributing  cauaa  naaka  up  mora  than 
50%  of  all  ganaral  aviation  accidanta.  Applying  thia  30%  factor  to  tha  total  numbar 
of  ganaral  aviation  accidanta  axpactad  within  tha  naxt  15  yaara.  tha  pradictad 
numbar  of  accidanta  dua  to  waathar  bacomaa  (Figura  15). 

Yaar  I960  1965  1970  1975 

Accidanta  1400  1600  1760  1900 
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4. 


Th«  loa««a  tulfcrAd  in  g«B*ral  BvlatioB  aceidantt  airtaad  from  catualttaB. 
■uch  aa  fatalltiaa  or  aorioua  and  minor  l^jurioa,  to  oquipmont  daraago,  ndMro  air> 
craft  aro  doatroyod  or  sovoroly  damagod. 

a.  Fatalitioa 

In  projaeting  ganaral  avlatioa  fatalltiaa  duo  to  waattior  into  tho 
futura  and  aatimating  an  aconomic  coat  figure  for  tham  baaad  on  tba  loaa  of 
productivity  to  the  national  economy,  available  atatiatica  had  to  be  examined 
for  a  trend  or  factor  aa  a  baaia  for  theae  projectiona. 

In  comparing  the  number  of  fatal  accidenta  due  to  weather 
to  all  general  aviation  accidenta,  a  conatant  ratio  of  alightly  over  6%  waa  found 
for  the  yeara  1954-1957.  It  ia  of  intereat  to  note  that  fatal  accidenta  due  to  all 
cauaea  amounted  to  an  average  of  1 0%  of  all  general  aviation  accidenta  for  tba 
aame  period,  Thua,  over  half  of  all  fatal  accidenta  in  general  aviation  during 
thia  period  were  directly  attributable  to  weather  cauaea.  If  fatal  accidenta 
in  which  weather  waa  one  of  aeveral  contributing  cauaea  were  included,  the 
percentage  would  undoubtedly  be  much  higher.  Theae  figurea  clearly  point  out 
the  fact  that  weather,  and  in  many  caaea  the  failure  on  the  part  of  the  pilot 
to  properly  aaaeaa  the  effecte  of  weather,  ia  a  principal  killer  of  general 
aviation. 

Eatiroatea  of  fatal  accidenta  are  tabulated  below  and  are 
preaented  in  Figure  15. 

Year  I960  1965  1970  1975 

Fatal  Accidenta  290  330  360  390 

To  arrive  at  a  reaaonable  eatimate  of  tho  number  of  fatalitioa 
during  the  15  year  period  ahead,  the  rate  of  fatalitioa  per  fatal  accident  waa 
examined.  A  definite  trend  waa  found  in  the  number  of  peraona  killed  per 
fatal  accident.  Statiatica  collected  by  the  CAB^  aince  1938  (Table  25)  ahow 

^Statiatical  Review,  General  Aviation  Accidenta,  Calendar  Year  1959.  Civil 
Aeronautica  Board 
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FIGURE  15.  PREDICTED  GENERAL  AVIATION 
ACCIDENTS  DUE  TO  WEATHER 
1960-1975 


Tabu  25.  Aceidanta,  FataUtiaa,  Aeeldant  Rataa  Oanaral  Aviation 


Accidanta  Accident  Rataa 


Yoai 

Total 

Fatal 

Fatalitiao 

Houra 

Flown  (000) 

PUna-UUea 
Flown  (000) 

100.000  Houra 

MUlion  PUna-Mi. 

■UQI 

1938 

1,861 

176 

274 

1,478 

129,359 

125.7 

14.4 

n 

1939 

2,222 

203 

315 

1, 922 

177, 868 

117.0 

12.5 

IBH 

1940 

3,471 

232 

359 

3,200 

264r,  000 

108.5 

12. 1 

maoM 

1941 

4,  252 

217 

312 

4,460 

346,  303 

94.5 

12.3 

1942 

3,  324 

143 

220 

3, 786 

293,  593 

87.5 

11.3 

1943 

3, 871 

167 

257 

NA 

NA 

NA 

NA 

NA 

1944 

3,343 

169 

257 

NA 

NA 

NA 

NA 

NA 

NA 

1945 

4, 652 

322 

508 

NA 

NA 

NA 

NA 

NA 

NA 

1946 

7,618 

690 

1,009 

9,788 

874. 740 

77.7 

■SI 

8.7 

0.'8 

1947 

9,  253 

882 

1,352 

16, 334 

1,502, 420 

56.7 

mSM 

6.2 

0.6 

1948 

7,850 

850 

1,384 

15, 130 

1. 469,  540 

52.0 

5.3 

0.6 

1949 

5, 459 

562 

896 

11,031 

1.  128,  992 

49.6 

5.1 

4.8 

0.5 

mm 

4,  505 

499 

871 

9, 650 

1,061,500 

46.4 

mSM 

0.5 

1951 

3,824 

441 

750 

8,451 

975.480 

45.0 

0.5 

1952 

3,657 

401 

691 

8, 186 

972, 055 

44.6 

3.8 

0.4 

1953 

3,232 

387 

635 

8, 527 

1. 045,  346 

38.0 

3.  1 

0.4 

1954 

3,380 

393 

684 

8, 963 

1. 119,  295 

37.6 

■■ 

0.4 

1955 

3,343 

384 

619 

9,500 

1,  216, 000 

35.2 

0.3 

1956 

3,474 

356 

669 

10,  200 

1,315, 000 

34.0 

3.  5 

Bm 

0.3 

1957 

4,  202 

428 

801 

10, 938 

1,426,  285 

38.4 

3.9 

Bm 

0.3 

1958 

4, 135 

398 

731 

11,700 

1,  544,  000 

39.2 

3.4 

■■ 

0.3 

1959 

4,  576 

450 

823 

12, 400 

1,649,  000 

36.9 

3.6 

2.8 

0.3 

Ref:  "Statiatical  Review  General  Aviation  Accidenta,  Calendar  Year  1959",  Civil 
Aeronautic  a  Board 
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that  until  194S  thia  ratie  ramainad  fairly  eoaatant.  at  about  1. 6  fatalitlaa 
par  fatal  aceidaat,  rigura  16.  8ubBa<ittantly  tha  ratio  ineraaaad  ataadily 
until  by  1960  it  bad  raacbad  a  valua  of  1. 9.  Extrapolation  of  tha  eurva, 
which  axhihita  a  naarly  atraight  lina  trand,  laada  to  projaetad  ratioa  of 
2.  0  for  1965,  2. 1  for  1970  and  in  axcaaa  of  2.  2  fatalitlaa  par  fatal  aceidant 
for  1975.  * 

Tha  incraaaa  in  tha  fatality  rata  par  fatal  aceidant  ia 
largaly  axplainad  by  tha  ahift  in  connpoaition  of  tha  ganaral  aviation  float. 
Figure  19  ahowa  tha  incraaaing  parcantaga  of  ainglo  angina  4  aaatar  aircraft 
in  tha  private  plana  group  and  rovaala  a  aharp  decline  in  tha  number  of  aircraft 
with  1-3  placaa.  An  additional  explanation  of  tha  incraaaa  in  fatalitlaa  par 
accident  ia  tha  greater  impact  apeada  during  accldanta  cauaad  by  tha  ataadily 
incraaaing  apaad  of  private  planaa. 

Howavar,  thia  incraaaa  in  fatality  rata  in  amail  and  haa  bean 
neglected.  Tha  I960  valua  of  1.  9  fatalitlaa  par  fatal  accident  will  be  aaaumad 
to  hold  for  tha  period  to  1975. 

Tha  total  number  of  aatimatad  fatalitiaa  can  now  bo  obtained 
for  tha  1960-1975  period  by  multiplying  tha  fatality  ratioa  by  tha  number  of 
expected  fatal  accldanta.  Figure  17  ahowa  tha  raaulta  which  put  tha  aatimatad 
number  of  fatalitiaa  due  to  all  weather  caunaa  at: 

Year  1960  1965  1970  1975 

Fatalitiaa  550  630  690  740 

b.  Sarioua  lujuriaa 

Tha  projection  of  tha  number  of  aarioua  injuriaa  might  be 
baaed  on  tha  total  number  of  flying  boura,  or  on  tha  total  number  of  accldanta 
occurring  during  any  given  year.  In  order  to  ainglo  out  tha  aarioua  injuriaa 

^Statiatical  Review,  Ganaral  Aviation  Accidonta,  Calendar  Year  1959, 

Civil  Aaronautlca  Board 
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FIGURE  16.  GENERAL  AVIATION,  NUMBER  OF  FATALITIES  PER 

FATAL  ACCIDENT  (YEARS  1938-59) 


oceurriaf  in  wMthnr  nceidMtn,  u*«  has  bnnn  mad*  of  tiia  fact  that  thay  ara 
uaually  coaaactad  with  fatal  accldaata.  Sioea  tha  fatality  rata  ia  ganarally 
highar  ia  waathar  accidanta  than  ia  aeeldanta  dua  to  all  othar  cauaaa,  a  ratio 
baaad  oa  fatalitiaa  auffarad  ia  waathar  accidanta  rapraaaata  tha  actual  condi- 
tiona  with  fairly  good  accuracy. 

Whan  tha  aumbar  of  raportad  aarioua  iajuriaa  ia  dividad  by 
tha  aumbar  of  fatalitiaa,  a  aurpriaiag  coaaiatancy  ia  found,  in  that  an  almoat 
coaataat  ratio  of  0.  54  axiata  for  tha  yaara  1954,  1955,  1956  and  1959.  In 
1957  thia  ratio  waa  aomawhat  lowar  (.45)  and  for  1956  no  atatiatica  hava  baan 
publiahad.  Thua,  in  four  ott  of  fiva  yaara  raportad,  tha  ratio  waa  almoat 
conatant.  Thia  ia  conaidarad  an  adaquata  baaia  for  our  projoctiona.  Thaaa 
valuaa  for  tha  15  yaar  pariod  ahaad,  ara: 

Yaar  I960  1965  1970  1975 

Sarloua  300  340  370  400 

Iqjurlaa 

Tha  curva  in  Figura  17  ahowa  thia  trand  graphically, 
c.  Minor  Ii^uriaa 

CAB  atatiatica  liat  only  two  catagoriaa  of  injuriaa;  aarioua 
injuriaa  and  fatal  ii^urloa.  Minor  injuriaa  hava  not  baan  racordad.  According 
to  tha  racorda  of  aviation  inauranca  undarwritara,  by  far  tha  largaat  portion 
of  all  it^uriaa  ara  minor  injuriaa.  Eatimataa  placa  thaaa  at  ovar  75%  of  all 
injuriaa  auatainad.  Fraqyiaatly  paaaangara  or  pilota  walk  away  from  an  accidant 
with  aaamingly  no  injury,  only  to  find  out  lator  that,  for  inatanca,  alight  apinal 
damaga  waa  auatainad  during  tha  landing  ahock  which  waa  not  fait  during  or 
ahortly  aftar  tha  accidant.  Thua,  minor  injuriaa  auatainad  from  accidanta 
ara  aaldom  raportad,  although  thay  conatltuta  a  maaaurabla  portion  of  tha  aconomic 
coata  of  ganaral  aviation  accidanta.  In  tha  abaanca  of  racordad  atatiatica  wa 
will  aatiroata  minor  iqjuriaa  aa  3  timaa  tha  numbar  of  aarioua  injuriaa,  baaad 
on  tha  75%  figura  indicatad  by  tha  inauranca  companiaa.  Thua  tha  pradictad 
numbar  of  minor  injuriaa  dua  to  waathar  accidanta  for  tha  15  yaar  pariod  ahaad 
ia  aa  followa: 
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INO  I9M  1970  mn 


7IAII 

FIOURC  17.  •CNCRAL  AVIATION,  PREDICTED  NUMBER 
OP  CASUALTIES  DURINS  I9S0-IS75 
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Yaar  mo 

19b5 

1970 

1979 

Miner  900 

litinriaa 

1020 

1110 

1200 

d.  Summary 

Th«  •atifnatfld  aumbara  of  faUlitiaa,  aarioaa  ii^urlaa.  and 
minor  Injuriaa  Incurrad  in  gaaarnl  aviation  aceidanta  daa  to  waathar  cauaaa 
ara  aummarisad  aa  foUowa: 


Yaar 

1960 

1965 

1970 

1975 

Fataiitiaa 

550 

630 

690 

740 

Sarioua 

lojuriaa 

300 

340 

370 

400 

Minor 

900 

1020 

1110 

1200 

Injuriaa 
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S.  Cot  of  C«iu*ltt«t 

To  eomputo  tho  doUor  valooi  of  tho  ponaltioa  to  gonoral  aviation  duo 
to  waathor.  a  elaarar  pietura  of  tha  aeonofnie  losa  from  an  aviation  fatality  muat 
ba  obtainad.  Although  it  may  aaam  ealloua  and  matarlaliatic  to  maasura  a 
fatality  in  tarma  of  doUara,  thara  io  Juatification  for  this  point  at  viaw  slnca 
wo  are  daaling  with  tha  loaa  to  tha  national  aconomy  from  thaso  panaltios.  Tha 
moral  and  human  loss  and  othar  intanglblaa  cannot,  of  coursa,  ba  evaluated 
but  thay  ara  sarious  and  important. 


In  considaiing  tha  dollar  loss  ineurrod  as  tha  rasult  of  a  fatality, 
one  apparently  raasonabla  approach  is  to  treat  Ufa  insurance  payments  or  jury 
awards  in  cases  of  accidental  death  as  a  good  approximation.  Tha  weakness  of 
this  approach  lies  in  tha  fact  that  such  dollar  amounts  consistuta  arbitrary  Umits 
governed  by  the  amount  of  Ufa  insurance  an  individual  can  afford,  or  by  the 
extant  to  which  the  individual  can  ba  considered  liable  or  responsible  for  his  own 
death,  as  well  as  by  the  claims  that  surviving  family  manb  ers  may  make  in  a 
law  suit.  Moreover,  the  law  differs  in  tha  various  states  of  the  U.  S.  as  to  the 
maximum  amount  of  recoverable  financial  loss  due  to  a  fatal  accident.  Thirty 
five  states  have  no  upper  limit  of  recoverable  damages,  while  the  remaining 
thirteen  have  limits  ranging  from  a  low  cf  $20,  000  to  a  high  of  $35,  000.  ^ 


By  way  of  illustration  of  the  dollar  value  of  the  loss  due  to  an  avia¬ 


tion  fatality,  a  typical  Jury  award  is  cited: 

Mildred  G.  Rogaw  vs.  U.  5.  ^ 


Contribution  to  Family 
Parental  care  and  guidance 
Funeral 


Annual  contribution  that  would 


$202,  110  Total 

40,  000  (2  children) 
877 

$2«j^ 


have  bean  made  to  family  $  10, 888 

(Tha  judge  calculated  that  each  $1000/yr  income  requires  an  investment 
of  $18,  713.  91  at  3  1/2%  interest.  Therefore  $10, 888  would  necessitate 
a  sum  of  $202,  110) 


^Raf: "Bast's  Recommended  Insurance  Attorneys  with  Digest  of  Insurance  Laws", 
Thirty-first  annual  edition  1959-1960. 

^"Mildred  Gottlieb  Rogaw  vs.  U.  S. ,  May  25,  1959,  Aviation  Casas,  Volume  6, 
1958-1960",  Published  fajr  Commerce  Clearing  House  -  Chicago  46. 
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m. 


Ceeaomie  Loss  fren  Aviattoa  F»taUti«a 


An  aviatioB  fatality  faaarataa  aa  aeoaomie  aad  a  aoa«aeoaoiaic 
loaa.  Tha  valua  of  aa  ladivldual'a  Ufa  to  himaalf  aad  hia  family  ia  baaieaUy  a 
aoa  •aeoaomie  oaa.  Fraa  mao  ara  oot  preparty  or  markatabla  aaaata.  Tharo  ia 
ao  markat  for  humao  life  or  humaa  griaf .  Thara  ia.howavar.  aa  aeoaomie  loaa 
whieh  eaa  ba  aatimatad. 

la  thia  aatimata  wa  axaealoa  tha  followiog  factora: 

•  lodividual  aad  Family 

•  Friaoda  aad  Commuaity  at  Larga 

•  Employar 

•  Govaromaat 

Tha  avaraga  loeoma  of  tha  pilota  aad  paaaaogara  ia  'a  gaaaral  avlatioo  plaoa  ia 
aatimatad  at  $15, 000  par  yaar^.  Wa  hava  aaaumad  aa  aooual  iaeraaaa  of  2,  5% 
in  aalary,  40  aa  tha  avaraga  aga  at  daath  aad  a  diacount  rata  of  6%  par  aimum^. 

Tha  1960  valua  of  thia  loaa  ia  $213.  000^). 

Wa  hava  takaa  tha  praaaat  valua  of  tha  individual'  a  total  incoma, 
rathar  than  maraly  tha  aagmant  davotad  toward  hia  family's  paraonal  eonaumptioa. 
Tha  individual  darivaa  aatiofactiona  from  all  uaaa  made  of  hia  incoma.  Tha  aUo- 
cation  batwaan  paraonal  aad  family  uaaa  ia  proaumad  to  maximiaa  hia  anjoymant 
of  hia  incoma.  Tha  valua  of  his  aaaata  at  daath  ia  not  included  bocauaa  tha  aaaata 
ara  not  loat  at  daath  of  tha  ownar.  Survivors  will  gat  subsa<{uant  bonafit  from  the 
aaaata;  thus  thara  ia  no  nat  loaa  to  society. 

^  Three  claaaes  of  general  aviation  flyera  are  identified.  The  1960  income  of  buai- 
nesa  passengers  was  estimated  at  $20, 000,  private  pilots,  income  at  $13, 000 
inatructora  and  professional  pilots'  incoma  at  $12,  000.  Tha  weighted  average 
income  (by  flying  houra)  ia  $15, 000.  per  year  for  general  aviation  piloto  aad  paasen* 
gers  of  aU  categories. 

^These  figures  are  United  Research,  lac.  and  Port  of  New  York  Authority  estimates, 
using  average  salary  and  average  age  at  death.  Ref:"Xeoaomie  Criteria  for  Federal 
Aviation  Agency  Expenditures",  June  1962,FAA/BRI>-355,pg.  V152,  and  "New  Yorks 
Domestic  Air  Travelers",  Port  of  New  York  Authority,  Aviation  De^.  Oct.  1957. 

3 

The  rate  of  discount  permits  an  evaluatioa  at  a  given  time  of  aa  income  stream  that 
occurs  over  a  period  of  time.  6%  is  a  rats  that  would  apply  to  an  individual  la  provid* 
ing  a  futurs  stream  of  payments. 
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For  tk$  puipoM  of  Hm  a«t  •eeaoniie  1m«,  w  ealeu* 

lat«  fiM  vatM  at  geeda  tad  Mrvleaa  (iaeonM)  th*  iadtvtdual  weald  have 

pvedaeed  hod  he  reoMiaed  olive. 

Hew  thie  iaceeae  weald  have  heea  divided  hefeweea  the  iadividoal 
aad  hie  family  deea  aet  affect  tide  ealeolatiea.  Thie  tetal  repreeeate  Um  miBiinain 
eeeaemie  leee  te  eeeiety  frem  the  aviatiea  fatality. 

The  leee  te  the  family  le  helh  eeeaomle  aad  noB^eceaemic.  The 
eeeaemie  leee  te  the  family  ie  a  povticNii  et  the  iaeeme  referred  te  ebeve.  The 
aoB-eeoBomie  leee  te  the  family  aad  dm  iadividoal.  eheold  aet  be  tied  directly 
te  the  deceaeed'e  iaeeme.  However,  it  eaay  be  liaked  te  the  total  amooat  of 
moaey  eeeiety  ie  williag  to  pay  to  leeaea  ^  ehaaeee  of  aa  iadividoal  beiag 
killed. 

Ideet  people  prefer  to  avoid  a  eaMll  ehaaee  of  a  large  loee.  Thie 
prefereaee  ie  eiqtreeeed  by  takiag  eat  laeoraaee  evea  theogh  the  total  premiuma 
paid  may  exceed  the  amooat  of  the  poteatial  leeeea.  PoUeyholdere  geaarally  are 
williag  to  pay  more  thaa  the  "fhir  priee"  of  laeoraaee  la  order  to  elimiaate  a 
■mall  ehaaee  of  a  large  loee. 

Thaa.  to  iaereaee  eafety.  moot  people  would  he  williag  to  pay 
more  thaa  the  etrietly  ecoaomic  coet  of  the  fatalitiee.  aeide  from  the  emotioBal 
valuea  iavolved.  laereaeed  eafety  redoeee  the  riek  gTor  themeelvee  aad  otbere) 
of  aa  aviatioo  fhtality.  The  amooat  each  iadividual  would  be  williag  to  pay  (ia 
taxee.  or  ueer  chargee)  refleete  hie  ewa  evaluatioa  of  hie  riek  (both  eeeaemie 
aad  aoa-ecoaomie  leee)  aad  hie  prefereaee  to  avoid  each  riek.  la  the  abeeaee 
of  eaaipliag  eurveye  to  eetimate  thie  amooat,  we  have  aa  uaeertaia  value,  a 
portioa  of  which  ebeuld  properly  he  added  to  the  eeeaemie  loee  computed  below. 

Leee  te  the  Iadividoal  aad  Hie  ramjly 

The  miaitnom  leee  from  a  fatality  ie  the  dieceoated  value  of  the  geode  aad 
■ervieee  (iaeeme)  the  iadividual  would  have  predoced  over  the  retaaiader  of  hie 
life. 
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Lof  to  Individtt*l*t  rriwd>  *ad  tha  Cwunmnity 

Th«  aurviviiig  friaada  and  t)M  conmttalty  at  larga  auffar  acononalc  aa  wall 
aa  BOB-aeoaomie  loaaaa.  Thaaa  ara  tha  aatiafaetioBa  that  tha  iadividual  would 
hava  provldad  to  frioBda  aod  eonmuBity  by  eommuBlty  aad  civic  work,  friaod* 
ahipa,  ate. ,  had  ha  livad.  Tha  fact  that  paopla  would  ha  wiUiBg  to  pay  varylBg 
amouBta  to  aava  tha  livaa  of  frianda  poiBta  up  tha  natura  of  thia  iataagibia  vaina. 
Wa  hava  arbitrarily  aaaumad  1S%  of  tha  iadividual'a  iBcoraa  aa  as  approach  to 
thia  iataogibla.  Tha  praaaat  valua  of  thia  loaa  amouata  to  $32,  000. 

Tha  todividual'a  Ecaployar 

Tha  aaaployar  iaeura  tha  costa  of  fiadiag  aad  traiaiog  a  raplacamant  aad 
may  suffar  a  furthar  loaa  ia  tha  casa  of  uoiqua  talaats.  A  period  of  from  3  to 
6  moatha  is  usually  raquirad  to  traio  a  aaw  maa  ia  a  $15,  000  poaition  bafora 
tha  amployar  bagiaa  to  racaiva  appropriata  raturas  oa  his  iavastmaat.  Ab 
avaraga  amouat  of  $4500  is  assumad  to  raprasaat  this  loss. 

Tha  Ctovaramaat 

Govaramaat  accidant  iavaatigation  costs  wars  assumad  to  ba  $1500  par 
faUUty^ 

Total  Istiroatad  Icoaomic  Loss  from  aa  Aviatioa  Fatality 

Tha  followiag  tabla  summariaas  tha  astimatad  lossaa,  from  a  fatality, 
la  ordar  to  accouat  for  tha  risa  ia  iadividual  iacoma  Ib  tha  15  yaar  pariod  ahaad, 
wa  assuma  a  2  1/2%  aaaual  iacoma  iacramaat  aad  2%  aoBual  coat  iacraasaa  for 
govaramaat  accidaat  iavaatigatioa. 


Tabla  26.  Estimatad  Ecoaomic  Loos  from  aa  Aviatioa  Fatality 

1960  1965  1970  1975 


Iadividual  aad  Famiy 

$213, 000 

$241,  000 

$273,  000 

$309, 000 

Commuaity  aad  Friaods 

32, 000 

36, 200 

41, 000 

46,  300 

Employar 

4,500 

5, 100 

5, 800 

6,  500 

CovaramaBt 

1,500 

$gfi!fl65 

1,700 

$2^4, 66b 

1,940 

$32itm 

2,  200 
$344, 664 

^U.  R.  1. ,  op.  eit,  pg.  Vl*52.  For  govaramaat,  amployar,  aad  comaouaity  lossaa,  wa  hava 

usad  tha  aatiaaatas  davalopad  by  URI  ia  tha  iatarasta  of  uaifomity  aad  ia  tha  abaaaca 
of  aaora  axact  data. 
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b.  Cott«  of  Soriouo  tojurloo 


S  om*  lafornatiMi  on  tbo  doUnr  coato  involvod  in  injuriot 
dorivod  from  gonnml  nvintion  nireraft  neeidonta  can  ba  obtainad  from  inottranea 
companiaa  which  aattla  claima  for  aueh  eoata.  Although  no  atatiatiea  ara 
availabla  which  would  produca  an  avaraga  coat  of  aarioua  injuriaa.  aavaral 
atatamant  can  ba  mada  hara  that  will  ba  halpful  in  arriving  at  a  raaaonabla 
figura. 

Among  tha  moat  fraquant  accidanta  laading  to  aarioua  ii\iuriea 
ara  overturning  and  ground  loopa  on  landing  and  forced  landinga  on  all  typaa 
of  aurfacea.  An  aircraft  overturning  on  the  ground  or  craahing  in  tha  procaaa 
of  a  forced  landing  frequently  producea  head  ipjurlea  in  the  paaaengera.  If 
paaaengera  are  thrown  out  of  the  aircraft,  internal  injuriea  ara  moat  likely 
to  occur  in  addition  to  broken  arma  and  lega.  Taking  into  account  praaent 
coata  of  hoapitalimatlon  per  day.  coata  of  oparationa,  and  eoata  of  medical 
care,  a  figure  of  $2000  per  aarioua  injury  aa  a  reault  of  an  airplane  accident 
ia  conaidered  a  conaervative  amount. 

In  addition,  the  loaa  of  income  of  the  injured  peraon  during 
the  period  of  treatment  muat  be  conaidered.  Although  many  individuala  carry 
inaurance  covering  loaa  of  income,  the  amounta  generally  are  leaa  than  the 
actual  aalary.  A  figure  of  $500. 00  aalary  loaa  will  be  aaeumed.  Thua,  the 
average  coat  per  aerioua  ii^ury  will  be  taken  aa  $2500. 

c.  Coata  of  Minor  IitJuriea 

Theae  injuriea  aa  a  rule  do  not  require  boapitaliaatioa.  They 
come  under  the  heading  of  cute  and  bruiaea  aa  well  aa  ahock.  An  average  coat 
of  $50  per  minor  injury  ia  conaidered  a  reaaonable  figure. 

d.  Total  Coata  of  Caaualtiea 

In  aummariaing  the  total  eatimated  preaent  and  future  dollar 
valuea  of  fatalitiea  and  injuriea  auatained  in  general  aviation  weather  accidenta 
we  have  uaed  the  projected  valuer  preaented  previoualy.  Multiplication  of  unit 
coata  by  the  number  of  predicted  caaualtiea  yielda  the  forecaat  dollar  valuea  aet 
forth  in  Table  27  and  Figure  18. 
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TabU  27.  Pr«dlet*4  Total  Coata  ot  Caavaltiaa  duo  to  Waathor 
Accldaata  (CaiM?al  Avlatloa) 


Itam 

1960 

1965 

1970 

1975 

Fatalitioa 

S50 

630 

690 

740 

Unit  Coat 

$251. 000 

$284. 000 

$322,  000 

$364, 000 

a.  Total  coat  of 

fatalitioa 

138, 050, 000 

178, 920,  000 

222.  180,  000 

269,  340, 000 

Sorioua 

li^hirioa 

300 

340 

370 

400 

Unit  Coat 

$2. 500 

$2.  500 

$2.  500 

$2,  500 

b.  Total  coat  of 
aorioua  ii^urioi 

750. 000 

850, 000 

925,  000 

1. 000, 000 

Minor 

l^Jurioa 

900 

1020 

1110 

1200 

Unit  Coat 

50. 

50. 

50. 

50. 

c.  Total  coat  of 
Minor  Injuriea 

45.  000 

51,000 

55, 000 

60. 000 

Sum  of  a.b.  It  c 
(milliona) 

$138.85 

$179.82 

$223. 16 

$270. 40 
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FIGURE  18.  GENERAL  AVIATION,  PREDICTED  TOTAL 
COST  OF  CASUALTIES  DUE  TO  WEATHER 
ACCIDENTS 
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Th«  Ubl«  showa  elaarly  th«  wide  margin  batwaaa  tha  thraa 
typaa  of  eaaualtiaa.  Oua  to  tba  fact  that  aarloua  injuriaa  number  only  ona  half 
tha  fatalitlaa.  and  that  thair  dollar  value  la  only  tha  1/ 160th  part  of  tha  aatinaatad 
coat  par  fatality,  thair  total  ia  laaa  than  0. 3%  of  that  of  all  fatalitiaa.  A 
aimilar  aituation  pravaila  aa  batwaan  tha  catagoriaa  of  aarioua  injuriaa  and  minor 
ii^uriaa,  with  tha  latter  eonatituting  only  about  6%  of  tha  former. 

From  tha  foregoing  it  ia  quite  apparent  that  fatalitiaa  have 
by  far  tha  graataat  economic  aignifieanca.  In  compariaon.  the  coat  of  aarioua 
or  minor  injuriaa  playa  a  laaaar  role.  Thua.  major  amphaaia  ahould  ba  laid 
on  elimination  of  tha  cauaaa  leading  to  waathar  accident  fatalitiaa.  According 
to  tha  racorda  fatal  waathar  accidanta  occur  moat  frequently  whan  VFR.  pilota 
fly  into  IFR  waathar  with  which  tiiay  cannot  cope.  A  pilot  takaa  oU  in  VFR 
waathar  without  filing  a  flight  plan  or  obtaining  a  weather  briefing.  Within  50 
to  100  milaa  ha  ancountara  unexpected  waathar  conditiona  which  require  flying 
on  inatrumanta.  Being  untrained  in  IFR  flight,  ha  may  loaa  control  of  hia 
airplane  and  craah.  Such  craahaa  nearly  alwaya  lead  to  fatalitiaa. 

Improvamanta  in  tha  availability,  intalligibillty,  and  uaa  of 
waathar  information  by  general  aviation  pilota  will  undoubtedly  make  a  major 
contribution  to  tha  aafaty  of  private  flying.  Since  waathar  la  tha  graataat 
aingla  "killer"  of  general  aviation  pilota  and  paaaangara,  tba  coat-benefit 
ralationahip  of  waathar  improvamanta  will  ba  aapaclally  aignificant  hare. 
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6.  Aircraft  D>n»i« 

a.  AvaiafC  Gaaaral  Aviattoa  Aircraft 

For  the  parpoaa  of  oattmatiag  the  dollar  value  of  aircraft 
damaged  or  deetroye^  the  age.  type  and  coat  of  the  typical  average  general 
aviation  aircraft  have  been  determined  in  thia  aection. 

On  January  1.  1961  a  total  number  of  78.  760^  active  general 
aviation  aircraft  were  regiatered  with  the  Federal  Aviation  Agency.  Theae 
"activd'aircraft  carry  current  airworthineaa  certiflcatea  which  have  been 
renewed  within  the  peat  twelve  montha.  FAA  ragulationa  require  that  all 
aircraft  in  flying  atatua  muat  have  a  periodic  or  progreaaive  inapection  at 
leaat  once  every  twelve  montha.  otherwlae  thay  are  automatically  claaaified 
aa  "inactive". 

Out  of  the  total  number  of  active  civil  aircraft  regiatered  with 

Z 

the  FAA.  49  percent  were  manufactured  prior  to  1950  .  On  the  aurface. 
thia  would  indicate  that  moat  flying  houra  in  general  aviation  are  logged  by 
aircraft  about  5  to  10  yeara  old.  However,  a  check  with  aviation  inaurance 
companiea  reveala  that  thia  ia  not  the  caae.  Current  eatimatea  indicate  that 
only  10%  of  all  flying  ia  done  by  theae  older  aircraft  Ucenaed  prior  to  1950.  Moat 
of  the  flying  houra  are  logged  by  more  recent  aircraft  purchaaed  within  the  last 
2*3  years  by  business  men  and  other  private  pilots.  Therefore  an  average 
aircraft  age  of  3  years  will  be  uaed  for  the  purpose  of  this  study. 

A  survey  was  made  by  the  FAA  of  the  various  types  of  active 
general  aviation  aircraft  for  the  years  1955-61  and  projected  to  1975.  The 
results  are  presented  in  Table  28  below  and  plotted  graphically  in  Figure  19. 

The  graph  shows  that  the  single,  four  seater  aircraft  is  rapidly  becoming  the 
most  numerous  type.  According  to  statistics,  it  is  also  the  one  most  frequently 

^"Sutistical  Study  of  U.  S.  Civil  Aircraft"  as  of  January  1961.  SUtistirs 
Division,  Office  of  Management  Services.  Federal  Aviation  Agency 

^Cited  1 
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Hiatoiical  data  derived  from  reporte  of  and  information  obtained  from,  Statietice  Branch,  Office  of 
Management  Services,  Federal  Aviation  Agency. 
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involvad  in  wMth«r  accldantt.  Multt-aagina  pUMi,  such  ai  th«  twin  angina 
Baach  and  Caaana  typaa  ara  ganarally  flown  by  more  axpariencad  pilots  who 
ara  last  prona  to  bacoma  involvad  in  accidants.  Moraovar,  thair  more  advanced 
navigational  and  communication  equipment  enables  them  to  avoid  a  considerable 
portion  of  the  ordinary  weather  flight  hasards^.  The  graph.  Figure  19  shows 
the  distributioa  of  the  throe  mala  groups  of  general  aviation  aircraft: 

Single  engine.  1  to  3  place,  and  helicopters 
Single  engine,  4  place 
Multi-engine.  4  place  and  over 

The  small  1-3  place,  single  engine  types  presently  comprise 
about  half  of  all  general  aviation  planes  but  their  trend  is  on  the  decrease. 
Moreover,  they  are  likely  to  be  of  an  older  vintage  than  the  more  popular 
4-place  vehicles  which  show  a  strong  uptrend  and  which  are  forecast  to 
comprise  over  55%  of  all  general  aviation  aircraft  in  1970,  while  1-3  seaters 
will  have  dropped  to  33%.  The  remainder,  or  12%  will  be  made  up  of  multi- 
engine  planes. 

b.  Aircraft  Destroyed  and/or  Seriously  Damaged 

In  order  to  estimate  the  number  of  aircraft  that  are  likely  to 

be  destroyed  and/or  seriously  damaged  due  to  weather  causes  in  the  15  year 

period  ahead,  use  is  made  of  available  statistics.  If  the  number  of  aircraft 

destroyed  is  examined  for  the  period  1954  to  1959,  for  which  detailed  statistics 
2 

have  been  compiled,  it  is  found  that  no  clear  trend  can  be  recognised,  from 
which  a  sound  estimate  could  be  made  for  the  foreseeable  future.  On  the  other 
hand,  if  the  number  of  aircraft  destroyed  is  related  to  the  total  number  of  fatal 
accidents,  an  average  constant  factor  of  2  is  obtained.  The  curve  of  estimated 
number  of  aircraft  destroyed  in  the  1960-1975  period,  shown  in  Figure  20,  is 
based  on  two  aircraft  destroyed  for  every  fatal  accident  due  to  weather.  In  I960, 

^General  Aviation  Accidents  (Non-Air  Carrier)  A  Statistical  Analysis,  Calendar 
Years  1954-1957,  and  Statistical  Review,  General  Aviation  Accidents,  Calendar 
Year  1959. 

^Cited  1 
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PI8URE  2a 
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approximfttaly  580  aircraft  ware  dattroyad  ia  waathar  accidanta,  an  aatimat  ad 
660  will  ba  daatroyad  ia  1965.  about  720planaa  in  1970  and  approximataly  780 
in  1975.  Tha  aggragata  of  tkaaa  figuraa  givaa  a  round  total  of  11,000  ganaral 
aviation  aircraft  axpactad  to  ba  daatroyad  in  tha  naxt  15  yaara  aa  a  raault  of 
varioua  waathar  cauaaa. 

In  ordar  to  aatimata  tha  number  of  aircraft  auffaring  aubatantial 
damaga,  uaa  waa  made  of  tha  fact  that  accidanta  involving  minor  damage  are  not 
reported  aa  a  rule  if  no  ipjuriaa  or  fatalltiea  ara  involved.  Tharefora,  tha 
number  of  airplanaa  daatroyad  and  thoaa  auatainlng  aubatantial  damaga  make  up 
tha  bulk  of  reported  ganaral  aviation  accidanta;  aubtracting,  then  tha  number  of 
aircraft  daatroyed  from  tha  total  number  of  waathar  accidanta  yielda  the  number 
of  aircraft  auffaring  aubatantial  damage.  Recant  atatiatica  prepared  by  the 
Safety  Analyaia  Branch  of  the  FAA,  baaed  on  1800  accident  reporta  proceaaed 
through  July  31,  1961  ahow  that  the  percentage  of  reported  minor  accidanta 
ia  only  on  the  ordar  of  5%  of  all  weather  accidanta.  In  view  of  thia  together  with 
the  low  dollar  valuaa  involved  in  minor  damage  accidenta  aa  compared  to  the 
coata  of  aerioua  accidanta,  thia  category  haa  been  included  in  the  coat  of  aarioualy 
damaged  aircraft.  In  eatimating  the  number  of  aircraft  auffaring  aubatantial 
damage,  tharefora,  the  difference  between  forecaata  of  total  weather  accidenta 
and  of  number  of  aircraft  daatroyed  waa  computed.  Thia  method  waa  teatad 
and  checked  out  on  tha  actual  recorded  numbera  during  1954  to  1959. 

Tha  projection  of  aubetantlally  damaged  general  aviation 
aircraft  in  waathar  accidanta  within  the  15  year  period  ahead  ia  praaentad  below: 


Year 

1960 

1965 

1970 

1975 

Aircraft  with 

Subatantial 

Damage 

820 

940 

1040 

1120 

Theae  valuea  have  been  plotted  in  Figure  20. 
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e.  Valtt*  of  Amrngo  AiiCMit 

1b  eomputiaf  tho  vbIuo  of  »  doitroyod  airpUao,  doproeiatioB 
mutt  bo  takoB  into  BceouBt.  togotbor  with  tho  fact  that  maay  bow  aircraft  oomoro 
add  from  20%  to  30%  of  tho  aircraft's  coot  io  oavigatioB  aad  comrauaicatioBs 
oquipmoBt  during  tho  first  2-3  yoars.  Tho  doprociation  porcoatago  has  boon 
fairly  coastaBt  ovor  tho  last  20  to  30  yoars.  A  valuo  of  12%  por  yoar  on  tho 
romainlBg  valuo  is  usod  by  aviatioB  insuranco  undorwritors.  To  arrivo  at  a 
cost  valuo  por  airplano  dostroyod  tho  following  tabulatioB  of  tho  pricos  of 
current  gonoral  aviation  aircraft  has  boon  compilod. 


Tablo  29.  Pricos  of  Gonoral  AvlatioB  Aircraft,  1961 


1  A.  Booch  Aircraft 

Model 

Engines 

Seats 

Gross  Weight 

Approxlnnato  Price 

Pounds 

in  Dollars 

A33  Debonair 

1 

4 

21,750. 

N3S  Bonansa 

1 

4 

26,  500. 

B95A  Travolair 

2‘ 

5 

4200 

49,  500. 

55  Baron 

2 

5 

4880 

58,250. 

D50E  Twin 

Bonansa 

2 

6 

6300 

87,  250. 

65  Queen  Air 

2 

6 

7700 

126, 000. 

Super  G18 

2 

6 

9700 

132,  300. 

1  B.  Cessna  Aircraft 

172 

1 

4 

13,000. 

175 

1 

4 

16,  000. 

182 

1 

4 

20,  000. 

210 

1 

4 

2900 

25-30,  000 

Skywagon 

1 

6 

2900 

35-40,  000 

310F 

2 

4-5 

4900 

65,  000. 

1  C.  Pip«r  Aircraft 

Colt  108 

1 

2 

1660 

5,  000. 

Cherokee  150 

1 

4 

2150 

9,  800. 

Cherokee  160 

1 

4 

2200 

10, 000. 

Comanche  180 

1 

4 

16,  500. 

Comanche  250 

1 

4 

2800 

20, 500. 

Apache  G 

2 

4-5 

3800 

34,  000. 

Artec 

2 

5 

4800 

53,000. 
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An  analytin  of  tha  abova  tablaa  ahowa  that  tha  avaraga 
purchaaa  prlea  of  a  4-piaca.  alngla  angina  airplana  ia  $19,  000.  TUa 
agraaa  with  inanranca  company  atatiatiea  which  indicate  that  aircraft  moat 
fraquantly  involved  in  accidanta  are  aingla  angina  planea  in  tha  $16, 000. 
to  $20,  000.  price  claaa. 

Allowing  for  tha  fact  that  the  avaraga  age  of  tha  aircraft 
involved  in  accidanta  ia  3  yaara,  depreciation  would  reduce  tha  value  to 
$11, 200.  Adding  in  navigational  and  other  equipment  a  vary  conaarvative 
figure  of  $12,  500.  la  derived  aa  tha  value  of  tha  avaraga  4-placa,  aingla 
angina  aircraft  involved  in  a  waathar  accidart. 

Tha  amallar,  aingla  angina  planea,  aaating  lea  a  than  4 
paraona,  range  in  price  from  $5000  to  $10.  000.  Taking  into  account  an 
average  price  of  $7500,  three  yaara  of  depreciation  and  a  certain  amount 
of  equipment  purchaaed,  an  average  value  of  $5000  appaara  to  bo  a  conaar- 
vative  figure. 

A  relatively  amall  number  of  multi-engine  aircraft  ia 
preaently  in  aervice^.  In  thia  category  are  the  light,  twin  engine  aircraft 
liated  above,  aa  well  aa  the  heavier  twine  over  12,  500  Iba  auch  aa  the  DC-3 
B-26,  Convair  and  Gulfatream.  An  average  value  for  thia  aircraft  type, 
including  a  3year  depreciation  and  ita  additional  equipment  will  be  aaaumed 
here  aa  $60,  000.  Thia  ia  a  conaarvative  aatimata  in  view  of  the  fact  that  tha 
heavier  twin  engine  aircraft  are  all  in  tha  $100-200, 000  claaa  and  over. 


^Only  about  1000  aircraft  of  the  latter  four  typea  are  currently  operational 
while  the  total  number  of  multi -angina  planea  amounta  to  7000  out  of 
approximately  70,  000  general  aviation  aircraft.  Ref;  "Aviation  Foracaata, 
1961-1966,  (FY)  FAA. 
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7.  ToUl  Colt  of  Aircraft  Damaitd  »nd/or  D»«troyd 

In  ordnr  to  dttermino  th*  toUl  cost  of  gonoral  aviation  aircraft 
destroyed  or  severely  damaged  in  accidents  due  to  weather  causes,  the  average 
computed  values  of  the  three  typical  types  of  private  and  corporate  aircraft 
are  being  used.  Estimated  total  costs  for  the  years  I960,  1965,  1970  and  1975 
have  been  computed  in  Table  30  and  presented  graphically  in  Figure  Zl. 


The  following  average  costs  have  been  used; 

Type 

Value 

Single  Engine,  1-3  seats 

$  5,000 

Single  Engine,  4  seats 

$12,500 

Multi-engine 

$60, 000 
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GENERAL  AV!ATI<»> 


Table  30.  Predicted  Total  Coata  of  Aircraft  Damage  Due  to  Weather 

Accidenta 


Item 

1960 

1965 

1970 

1975 

Total  number  of 
aircraft  deetroyed 

580 

660 

720 

780 

Single 

Percent  of 

Engine 

Total. 

52% 

41% 

33% 

28% 

1>3  Seata 

rig.  19 

Number 

300 

270 

237 

219 

Avg.  Coat 
Per  Air¬ 
craft 

$5. 000 

$5. 000 

$5,  000 

$5, 000 

a) 

Total 

Coats 

$1.  500.  000 

$1,  350,  000 

$1,  IBS.  000 

$1,095,000 

Percent  of 
Total, 

39% 

48% 

55% 

59% 

Single 

Fig.  19 

Engine 

4>Seata 

Number 

226 

316 

395 

461 

Avg.  Cost 
Per  Air¬ 
craft 

$12,500 

$12,500 

$12.  500 

$12,500 

b) 

Total 

Cost 

$2,830,  000 

$3,  950.  000 

$4, 930.  000 

$5,750,  000 

Percent 

9% 

11% 

12% 

13% 

Multi  • 

of  Total 

Engine 

Fig.  19 

Number 

54 

74 

88 

100 

Avg.  Cost 
Per  Air¬ 
craft 

$60,000 

$60,  000 

$60,  000 

$60. 000 

c) 

Total 

Cost 

$3, 240, 000 

$4.  440,  000 

$5. 280, 000 

$6.  000.  000 

Number  c 

>f  Aircraft 

Sustaining  Sub¬ 
stantial  Damage 

820 

940 

1.  040 

1.  120 

Average  Cost  of 
Damaae 

$5000. 

$5000. 

$5000. 

$5000. 

d) 

Total 

_Caat _ 

$4.  100,  000 

$4.  700, 000 

$5, 200,  000 

$5. 600, 000 

I 


IMO  IMt  Itro  1*78 

VI  All 

FIGURE  21.  GENERAL  AVIATION,  PREDICTED  TOTAL 
COSTS  OF  AIRCRAFT  DAMAGE  DUE  TO 
WEATHER  ACCIDENTS 
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8.  D«Uyt  Dvw  to  Wmthw 


a.  Eatiinatad  Hoars  of  DoUy 
1)  Total  Woathor  Dolay 

To  obtain  a  maaauro  of  ths  total  dalay  ineurrad  by  VFR 

ganaral  aviation  fUgbta*  tha  climatology  of  tarminal  waathar  of  laaa>thaa>VFR 

2 

conditiona  waa  axaminad.  A  study  basad  on  3  yaars  of  hourly  waathar  obaarva- 
tiona  for  21  tarmlnals  dlstributad  through  ths  contiguous  United  States  reveals 
that  terminal  conditioas  ware  lass  than  VFR  9.  28%  of  tha  time.  Considering 
that  airports  are  usually  situated  in  tha  lower  terrain  areas,  and  in  locations 
whara  tha  waathar  is  most  favorable  over  a  specific  area,  it  has  bean  assumed 
that  anrouta  conditions  are  below  VFR  at  least  twics  that  often  or  18.  5%  of  tha 
time.  Thus,  ganaral  aviation  VFR  activity  will  suffer  some  kind  of  delay  because 
of  weather  conditiona  approidniataly  18.  S%  of  tha  time.  If  wa  project  this  par- 
cantage  over  itinerant  VFR  flights  numbering  a  total  of  6.  9  million  in  I960,  than 
1,  28  million  of  these  flights  wa.ra  affected  by  some  kind  of  weather  delay. 

On  an  enroute  basis,  assuming  that  the  flight  is  able 
to  circumnavigate  the  leas  than  VFR  condition  in  an  average  of  10  additional 
minutes,  the  1.  28  million  flights  would  experience  a  total  delay  of  0.  213 
million  hours.  On  a  terminal  weather  basis,  9.  28%  or  0.  64  million  flights 
were  affected.  If  we  assume  that  each  flight  was  held  up  for  an  average  of 
one  hour  on  departure^  and  IS  minutes  on  arrival,  a  dslay  of  0. 8  million 
hours  is  involved.  The  total  delay  due  to  weather,  incurred  by  VFR  itinerant 
general  aviation  flights  therefore  is  estimated  at  1.  013  million  hours  in  I960. 

^(IFR  Flights  have  been  treated  under  ATC  Delays,  Part  IC. ) 

2 

"Quantitative  Assessment  of  the  Performance  Characteristics  of  the  Airways 
Terminal  Forecasting  System",  Aerometric  Research,  Inc..  1962 

^When  the  weather  conditions  do  go  below  VFR  minimums  the  condition  normally 
persists  for  a  number  of  houre. 
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Thera  ere  no  atotietice  evaiUble  on  the  deUya  experienced 
by  VFR  general  aviation  fiighta  due  to  incorrect  weather  infortnation.  In  order 
to  arrive  at  a  reaaonable  eatlmate  the  atudy  by  Aerometric  Reaearch,  Inc.  haa 
been  uaed  to  obtain  percentage  figurea  aa  to  the  correctneaa  of  forecaata  which 
affect  general  aviation  VFR  activity.  For  our  purpoae  the  accuracy  of  3  hour  and 
6  hour  forecaat  accuraciea  were  examined. 

When  the  3  hour  terminal  weather  forecaat  apecifiea 
conditiona  equal  to  or  better  than  VFR  minimuma,  the  forecaat  ia  incorrect 
4.  6%  of  the  time.  The  correaponding  figure  for  the  6  hour  forecaat  ia  S.  5%. 

The  average  for  the  two  forecaata  ia  thua  around  5%.  However,  aince  better 
than  VFR  minimum  conditiona  are  forecaat  about  92%  of  the  time,  the  actual 
percentage  ia  4.6%. 

When  leaa  than  VFR  conditiona  are  forecaat  incorrectly, 
fiighta  that  are  VFR  only  will  be  cancelled.  It  ia  not  poaaible  to  accurately 
eatimate  the  frequency  of  auch  occurrencea.  Baaed  on  the  accuracy  per* 
centagea  of  leaa  than  VFR  forecaata,  however,  (the  forecaata  are  incorrect 
about  40%  of  the  time  and  IFR  conditiona  occur  about  9%  of  the  time)  aome 
200,  000  fiighta  are  eatimated  to  be  cancelled  for  thia  reaaon. 

When  VFR  or  better  ia  forecaat  incorrectly,  the  uaer 
can  be  affected  in  varioua  waya. 

a)  Uaer  proceeda  to  airport-ia  delayed  on  the  ground 

when  departure  terminal  forecaat  provea  incorrect. 

b)  Uaer  departa  •  auffera  enroute  delay; 

(1)  circumnavigate  a 

(2)  uaea  enroute  alternate  terminal  for  landing 

(3)  returna  to  departure  airport 

^Cited  2,  pg.  121 
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c)  UMr  proe««4i  to  dootinotiOB  airport  aroa  and 
io  doUyod  ovor  or  aoar  doattaattoo: 

(1)  dlvorta  to  altoraato 

(2)  holla  and  landa  aftar  inprovamant 

<3)  ratuma  to  dapartura  airport 

In  eaaa  a)  tha  uaar  may  wait  on  tha  ground  for  aomo  pariod 
of  tima  awaiting  waathar  improvamant.  Tha  panalty  ia  a  paaaaagar  tima  loaa. 

Sinca  waathar  ordinarily  axhibita  aubatantial  paraiatanea,  thia  typa  of  dalay  may 
aaaily  amount  to  an  hour  or  mora. 

Baaad  on  tha  avaraga  accuracy  of  tha  3  and  6  hour  foracaata 
in  1960,  tha  6.  9  million  itiharant  VFR  ganaral  aviation  flighta^  would  hava  axpar- 
iancad  320,  000  houra  of  dapartura  dalay.  Dua  to  tha  numaroua  aaaumptioBa  uaad 
ia  thia  aatiraata  and  tha  raaultiag  uacartaintiaa,  thia  valua  will  not  ha  iacludad  aa 
a  waathar  panalty. 

la  caaa  h),  anrouta  dalaya,  tha  dalay  a  iavolvad  ia  landing  a 
at  altamata  tarmiaala  and  ratuming  to  tha  dapartura  airport  ara  aatimatad  at 
an  avaraga  of  2  houra.  Applying  tha  aatimata  that  5%  of  foracaata  will  ba  incorract, 
wa  obtain  an  aatimatad  122, 000  houra  of  anrouta  dalaya  for  tha  1. 28  million 
fUghta.  Thia  loaa  muat  ba  computad  both  in  tarma  of  diract  oparating  coata  and 
in  loaa  of  paaaangar  tima. 

In  caaa  c)  dalaya  at  daatination,  an  avaraga  dalay  of  2  houra 
waa  aaaignad  to  divaraion,  hold/Iand,  and  ratum,  raapactivaly.  Thua,  tha  1960 
dalay  would  hava  baan  128, 000  houra  affacting  both  paaaangar  tima  and  diract 
oparating  coata. 

Tha  aum  of  b)  and  c),  286, 000  houra,  dalay  haa  baan  roundad 
off  to  200,000  houra  in  1960  involving  both  loaa  of  paaaangar  tima  and  diract  opara¬ 
ting  axpanaaa. 

^FAA,  Foracaata  of  Air  Traffic  Activity,  CONUS  1960-1978 
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b.  Direct  Operating  Coiti 

The  coete  aeeocUted  with  general  evietimi  weather  delaya, 
me  analyaed  ia  the  following  eectione,  are  divided  into  direct  operating  costa 
of  the  aircraft  and  loss  of  passenger  time.  The  estimated  direct  operating 
costs  for  VFR  itinerant  general  aviation  aircraft  are  shown  in  Table  31.  They 
are  slightly  leas  than  those  for  IFR  aircraft  due  to  the  fact  that  VFR  equipment 
is  generally  in  the  lower  power  class.  The  table  weighs  the  costs  according  to 
total  hours  flown  by  the  various  types  of  aircraft.  The  hourly  direct  operating 
costs  of  these  types  are  averages  derived  from  quoted  costs  of  several  aircraft 
dealers. 


Table  31.  Average  1960  Direct  Operating  Costs  for  Itinerant  VFR 
General  Aviation  Aircraft 


Aircraft  Class 

Hours  Flown  ^ 

%of 

Cost/Hour^ 

Proportional 

Thousands 

Total 

Dollars 

Cost -Dollars 

Single -Engine 

1-3  place  over 

100  h.'p. 

1302 

14.0 

14. 00 

2.00 

4  place  up  to 

200  h.  p. 

2904 

31.4 

20.00 

6.30 

over  200  h.  p. 

2867 

31.0 

30.00 

9.30 

Multi-engine  up 
t(>  800  h.  p. 

1272 

13.6 

55.00 

7.50 

800-2000  h.p. 

457 

5,  0 

80.00 

4. 00 

over  2000  h.  p. 

460 

5.0 

130.00 

6.50 

Average  Cost /Hour 

35.60 

^FAA  Statistical  Handbook  of  Aviation,  1961  Edition 
^Estimates  from  quoted  dealer  costs 
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Bated  OB  tht  ttttnMltd  luMift  ei  delay  d«a  to  lack  o<  or 
laadaquata  waathar  ialennatioe;,  Bm  itiaavaat  VFR  g moral  avlatioe  activity 
aeffarad  a  leaa  of  200, 000  hoora  x  $2$.  60  or  $7, 120, 000  in  1960.  Extra- 
polatiag  OB  the  baaia  at  FAA'a  activity  feroeaata\  the  coata  vrodld  bo: 


Item 

1960 

1965 

1970 

1975 

Total  Houaa 

200, 000 

245,  500 

288, 000 

322, 000 

Operating  Coata 
par  Hour 

$35.60 

$35. 60 

$35. 60 

$35. 60 

Total  Eotimatod 
Operatiag  Coata 
(miUiona) 

$  7.12 

$  8.74 

$10. 25 

$11.46 

c.  Loaa  «t  Paaaoagor  Tima 

It  waa  aatabUabod  from  Fadaral  Aviation  Agency  atatiatica  that 
tha  avaraga  nurabar  of  paaaaagara  par  aircraft  in  I960  naa  3. 3.  Tbo  Agency 
foracaato  3,  9  par  aircraft  ia  196$,  4. 2  ia  1970  and  4. 8  in  1975. 

Tha  valua  of  tbo  time  of  tha  paaaaagar  on  an  itiaaraat  VFR 
flight  ia  aatiraatad  to  ba  $8. 40/boar  for  1960.  Tbia  waa  derived  by  ataumiog  that 
that  aiagle  angina  1-3  placa  ovar  100  b.p.  aircraft  and  tha  4  placa  up  to  200  h.p. 
aircraft  carry  paraonaal  who  earn  $9. 000  to  $13, 000  yearly  (an  avaraga  of  $11,  000). 

Aaauroing  an  annual  growth  rata  of  2  1/2%/yr. ,  the  paaaangara 
time  will  ba  w  orth: 


ia  1960 

$8.40 

ia  1965 

$9.50 

ia  1970 

$10.75 

ia  1975 

$12.20 

T 


FAA  Foracaato  of  Air  Traffic  Activity,  1960-1975 
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Using  7AA  forscnata  of  pnaaongara  par  aircraft,  the  aatimatad 
delay  in  hours  ineurrad  bacauaa  of  ineorraet  waathar  information,  and  tha 
aatimatad  value  of  tha  passaagara*  time,  a  loss  of  200,  000  hrs.  x  3.  3  pasaangars 
X  $8. 40/hour,  or  $5,  544. 000  was  suffered  in  itinerant  VFR  operations  in  1960. 


Table  32  shows  tha  aatimatad  costs  due  to  loss  of  passenger 
time  in  tha  1960-1975  period. 

Table  32.  Estimated  Costs  of  Lost  Passenger  Time 


Item 

1960 

1965 

1970 

1975 

Total  Hours  of 

Delay 

200, 000 

245. 000 

288,  000 

322, 000 

Number  of  Passengers 

3.3 

3.9 

4.2 

4.8 

Total  Hours  of 
Passenger  Time 

Lost  (millions) 

0.660 

0.955 

1.210 

1.  540 

Cost  per  hour  of 
passenger  time 

$8.40 

$9.  50 

$10.  75 

$12.20 

Total  Cost  of 

Passenger  Time 

Lost  (millions) 

$5.  SS 

$9.  10 

$13.00 

$18.80 

d.  Loss  of  Utilisation 

It  was  assumed  that  all  general  aviation  aircraft  suffering 
control  delays  were  business  or  commercial  aircraft.  The  loss  of  utilisation 
for  a  business  (or  executive)  aircraft  owned  by  a  company  or  an  individual  differs 
from  that  for  a  commercial  for  hire  aircraft  in  that  the  loss  of  utilisation  of  the 
former  primarily  affects  future  appointments  while  the  loss  of  utilisation  of  the 
latter  is  measured  in  terms  of  direct  net  operating  revenue. 

Straightforward  costing  of  the  "for  hire"  aircraft  is  possible 
but  has  been  taken  into  account  under  direct  operating  coats. 
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The  cost  of  doUy  aaooeUtod  with  loai  of  utiliiotion  hours 
incurred  by  businoss  aircraft  is  not  readily  assessible.  In,  perhaps,  9S% 
of  the  cases  where  an  aircraft  is  delayed,  no  real  loss  of  utilisation  is  suffered. 
In  the  remaining  cases,  the  loss  of  a  day's  time  by  one  or  more  executives 
or  salesmen  or  the  loss  of  a  contract,  may  be  involved.  The  cost  associated 
with  this  kind  of  utilisation  loss  may  be  of  considerable  magnitude  but  there 
are  no  statistics  which  can  be  employed  in  calculating  it.  Therefore,  no  esti* 
mate  of  these  losses  has  been  made  here. 
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9.  Divrilont  and  C«ne»lUtioat 

a.  Occurraae*  of  Divoraioa  and  Cancollationt 

Tho  divartlona  and  cancallatloni  incurrad  by  IFR  ganeral 
aviation  are  aisumad  to  ba  diractly  proportional  to  thoaa  of  the  air  carriers. 

Since  general  aviation  IFR  activity  is  small  as  compared  with  VFR  operations, 
the  resulting  numbers  of  diversions  and  cancellations  during  IFR  flights  are 
negligible. 

The  divereions  and  cancellations  incurred  by  itinerant  VFR 
general  aviation  activities  can  be  calculated  in  a  manner  similar  to  that  used 
to  determine  the  delay  factor.  Using  the  basic  figures  previously  employed 
some  64,  000  flights  suffered  a  diversion  in  I960,  and  some  320,  000  flights 
were  delayed  at  point  of  origin.  Of  these  latter,  it  is  conservatively  estimated 
that  10%  were  cancelled.  Therefore,  there  were  64,  000  divereions  and  32,  000 
cancellations  suffered  by  itinerant  VFR  general  aviation  in  1960  as  a  result  of 
incorrect  weather  information. 

Using  FAA  traffic  estimates  of  expected  VFR  traffic  there 
will  be  78,  000  diversions  and  39,  000  cancellations  in  1965,  92,  000  and  46,  000 
in  1970,  and  104,  000  and  51,  500  in  1975. 

b.  Cost  of  Diversions  due  to  Weather 

The  direct  operating  costs  and  passenger  time  losses  associated 
with  diversions  were  partially  taken  account  of  in  the  diecussion  of  delays.  That 
is,  the  operating  coat  involved  in  circumnavigation,  flying  to  an  alternate  terminal 
or  returning  to  destination  was  considered.  The  portion  not  previously  counted 
is  associated  with  the  continuance  of  a  flight  which  landed  at  an  alternate  terminal. 
These  flights,  unless  the  alternate  terminal  was  directly  on  the  intended  flight 
path,  are  required  to  cover  extra  distance  to  reach  the  destination.  If  it  is 
assumed  that  the  average  diversion  takes  place  100  miles  short  of  destination  and 
that  the  alternate  terminal  is  20  miles  away  from  the  intended  line  of  flight,  the 
added  cost  is  so  small  as  to  be  negligible. 
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e.  Cost  ei  Caae*lUtieat 

TImm  !•  aedi*«et  opcntlaf  coat  •■■eeUtad  wlUi  eaaealUtian* 
but  it  may  lofleally  b«  arguad  that  eattcallatiaa  of  a  flight  can  ba  eoatad  ia  tama 
of  paaaaagar  tima  loaa.  A  bttainaaa  niaa  dalayad  ia  laaviag  or  rataraiag  to  hia 
baaa  of  oparatioaa  fragaaatly  loaaa  valaabla  tiaia  that  could  ba  apaat  ia  additioaal 
buaiaaaa  purauita.  If  ha  caaeala  a  flight  from  hia  homo  baaa  thara  ia  a  loaa  ia- 
volvad  la  tha  tima  apaat  ia  gotag  to  tha  airport  aad  ia  raturaiag  if  tida  tiuM  ia  aot 
utiliaad  for  buaiaaaa  diaeuaaioa.  Moraovar.  a  loaa  of  potaatial  buaiaaaa  ia  fra> 
guaatly  auffarad.  Such  loaaaa  ara  poaaibla  to  aaaaaa  oaly  if  adaquata  data  ara 
availabla.  Siaea  aueh  atatiatiea  ara  laeklag,  thay  bava  aot  baaa  takaa  iato  aeeouat 
hara. 
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amamarv  «l  Total 

Th«  total  pvejoetod  eeata  oi  tha  poaaltloa  iacurrod  by  goaoral 
aviatioa  doo  to  voathor  eaaaoa  aro  proaoatod  la  TaUo  33. 


Tablo  33.  Goaoral  Aviatioa  -  Botiaiatod  Cooto  oi  Poaaltiofl  Duo  to 

Woathor  Cauaoo  (Millioao) 


Itom 

1960 

1965 

1970 

1975 

A.Caoualtloa 

$138.03 

$179.82 

$223. 16 

$270. 40 

Fatalitloi 

Soriouo  Ii^urioa 
btiaor  lajurioo 

B.  Aircraft  Oatnacod 
aad/or  Dootroyod 

$11.67 

$14.44 

$16. 60 

$18.45 

C.DoUyo 

$12.67 

$17.84 

$23.25 

$30.26 

Sum  of  A,  B,  k  C 

$163. 19 

$212. 10 

$263. 01 

$319. 11 
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PART  I 

PENALTIES  DUE  TO  WEATHER 

THE  AIR  TRAFFIC  CONTROL  SYSTEM  AND  ITS  USERS 

1.  Introduction 


2.  General  Uf  of  Wothor  Information  by  tho  ATC  Syitom 
e.  Control  Syatem  Component! 

b.  The  Significance  of  Weather  Information  to  the  ATC  Syatem 

3.  Total  Penaltiee  Incurred 


a.  By  the  Control  System 

■* 

1)  Duplication  in  the  Controller's  Workload 

2)  Measure  of  Loss  of  Efficiency  and  Resultant  Penalty 

b.  By  the  Air  Carriers 

1)  Estimated  Hours  of  Delay 

2)  Economic  Loss  Associated  with  Delayed  Hours  and 

Direct  Operating  Costa 

3)  Economic  Loss  Associated  with  Delayed  Hours  and 

Lost  Passenger  Time 

c.  By  the  General  Aviation 

1)  Estimated  Hours  of  Delay 

2)  Economic  Loss  Associated  with  Delayed  Hours  and 

Direct  Operating  Costs 

3)  Economic  Loss  Associated  with  Delayed  Hours  and 

Lost  Passenger  Time 

d.  By  Military  Aviation 

1)  Estimated  Hours  of  Delay 

2)  Economic  Loss  Associated  with  Delayed  Hours  and 

Direct  Operating  Costs 

3)  Economic  Loss  Associated  with  Delayed  Hours  and 

Lost  Passenger  Time 

e.  Summary  of  Total  Penalties 

Penalties  from  ATC  Delays  due  to  Weather  Causes 
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C.  THE  AIR  TRAFFIC  CONTROL  SYSTEM  AND  ITS  USERS 


C.  AIR  TRAFFIC  CONTROL  SYSTEM  AND  ITS  USERS 

1.  Introduction 

Duo  to  tho  nature  of  the  data  availablo  for  analysis,  the  approach 
in  this  section  has  been  first  to  estimate  the  total  economic  penalties  from 
all  cauees  Incurred  by  the  ATC  syatem  and  its  ueera,  tho  air  carriers, 
general  and  military  aviation,  and.  eecondly.  to  make  a  reasoned  estimate 
ae  to  that  portion  of  the  total  penalty  which  can  be  ascribed  to  weather  causes. 

The  final  step,  estimating  tho  portion  of  the  total  weather  caused 
penalties  due  to  lack  of  or  inadequate  weather  information,  and  hence  sus- 
ceptible  to  improvement,  is  presented  in  Section  III,  B.  6. 

2.  General  Uee  of  Weather  Information  by  the  ATC  System 

The  main  function  of  the  Air  Traffic  Control  System  is  to  promote 
the  safe,  orderly  and  expeditious  flow  of  all  air  traffic.  The  use  of  weather 
information,  including  its  prompt  receipt  and  dissemination  to  the  pilots  and 
to  the  ATC  system, plays  an  important  part  in  this  function.  Current  disrup* 
tions  of  the  smooth  and  efficient  functioning  of  the  Air  Traffic  Control  System 
are  not  so  much  due  to  adverse  weather  as  to  the  inability  of  the  syatem  to 
receive  and  use  timely  operational  weather  information,  and  to  pass  it  on  to 
the  pilot  in  the  air,  especially  during  critical  weather  periods.  The  ATC 
system  now  merely  reacts  to  bad  weather  after  it  has  occurred  and  attempts 
to  adjust  to  adverse  weather  conditions  on  an  emergency  basis  rather  than 
planning  its  schedules,  work  load,  and  activities  through  the  optimum  uee  of 
advance  operational  weather  inputs. 

a.  Control  System  Components 

A  brief  discussion  of  the  control  units,  through  which  delays 
due  to  weather  conditions  are  initiated,  is  given  below. 
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•  Airport  T»fflc  Cwrtrol  Towrt  •  Thoao  aro  loeatod 
at  airport*  la  tarmiaal  araaa.  Tho  towara  control 
arriving,  daparting,  and  local  traffic.  Thar*  ar* 
approxlmataly  450  control  towara  in  th*  U.  S. 
oparatad  by  th*  FAA.  th*  Military  and  in  aon*  casaa 
by  municlpalltlaa. 

•  Air  Rout*  Traffic  Control  Cantara  •  Thaa*  unit*  hav*  a 
primary  raqulramant  for  anrout*  waathar  Information, 
but  may  alao  utlllaa  tarmiaal  information.  Flight 
vraathar  and  wind  information  1*  aaadad  for  rout*  path 
and  altltud*  aalactioa  and  tima  aatlmataa.  approach 
atack.  and  altltud*  cholc*.  Thar*  ara  a  total  of  29 
cantara  la  th*  coatlguoua  U.  S. 

Th*  map  la  Flgur*  22  ahowa  tha  outllnaa  of  th*  araaa  aarvad 
by  thaa*  cantara  aa  wall  aa  th*  cltlaa  In  which  th*  cantara  ara  locatad. 

•  Flight  Sarvlca  Stationa  •  Thaa*  unit*  ar*  not  conaldarad 
har*  alnc*  thay  ara  not  Involvad  in  th*  dalay  aapacta  of 
th*  ayatam.  Howavar,  thaa*  unit*  hav*  an  Important 
naad  for  accurat*.  tlmaly  waathar  Information  for  ua* 
la  advlalng  and  brlaflng  pilot*. 

b.  Th*  Signlflcanca  of  Waathar  in  th*  Air  Traffic  Control  Syatam 

Waathar  information  la  naadad  by  th*  control  ayatam  in  ita 
Uak  of  implamanting  th*  aaf*  and  ordarly  flow  of  air  traffic.  Th*  actlvitlaa 
diractly  Influancad  by  th*  waathar  and  which  can  b*  optimally  planned  through 
th*  ua*  of  adaquat*  waathar  information  cover  tha  entire  ATC  rang*. 

•  Enrouta  Flew  Planning  and  Prograaa  Eatlmatlng  raqulraa 

advance  knondadg*  of  th*  locatlona.  Intanaltiaa.  davalopmant 
and/or  movamant  of  haaardeua  condition*  aa  wall  aa  tha 
wind*. 
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•  CoBtrai  of  T»fftc  oa  th»  Attport  iarfac«i  roq[airo« 
odvoaeo  kaewlodfo  of  chaAfOO  in  wind  diroetion,  |ttsty 
wind  eeaditioBo,  uid  vlalbllity.  Carroat  ialernatioa  of 
•orfaeo  aeeanialatloat  aad  tho  typo  of  aecttmaUtloao  ia 
of  valtto. 

•  Coatrol  of  Local  Traffic  roquir  oa  a  kaowlodga  of  coiling, 
aad  vlaibiUty,  aad  aurfaco  orlada  aa  wall  aa  advaaeo 
Inforatatlon  of  ehaagoa  oxpoetod  ia  eoiliag ,  vlaibility, 
and  aurfaco  oriad  coaditioaa.  Advaaeo  infomatiOB  of 
tho  approach  of  thnadoratoma,  in  additioa  to  boiag  aa 
abaoluto  roquiromoat  in  tho  iatoroota  of  aafoty,  caa  alao 
coatribttto  to  a  rodnetioB  of  dolaya  through  a  ro*ordorlng 
of  tho  traffic  flow. 

•  Coatrol  of  Dopartjng  Traffic  roquiroa  a  kaowlodga  of  icing 
aad  turbulonco  aroao,  cloud  baaoo,  topa,  araouata,  and 
wlada  aloft.  Tho  oxiatoaco  of  auch  haaarda  will  roquiro 
tho  dopartlag  traffic  to  havo  altomato  routoa  and  altitudoa 
availablo  for  poaaiblo  ro>routiag.  Roducod  coiliaga  and 
vlaibllltioa  in  tho  doparturo  aroao  will  affoct  tho  rato  at 
which  tho  controUor  will  iaauo  tako>eff  cloaraacoa. 

Vortical  ooparation  ataadarda  aro  incroaaod  from  1000 

to  2000  foot  whoa  aovoro  turbulonco  ia  known  to  oxiat. 

•  Control  of  Approaching  Tratfic,  which  may  bo  accompliahod 
by  tho  contor  and  tho  towor,  or  tho  towor  aloao,  roquiroa 
adoquato  woathor  iaformatioa  to  minimlao  dolay.  Both 
tormlaal  coaditioaa  and  coaditioaa  aloft  aro  of  importanco. 
Impoading  fluctuationa  of  coiling/viaibility  through  critical 
valuoa  and  ehaagoa  ia  aurfaco  wlad  nood  to  bo  known  to 
allow  tho  controUor  to  roordor  traffic  on  a  capabiUty  baaia 
and  to  roordor  flow  pattoma.  Kaowlodga  of  icing  and 
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turbuUac*  «rMt,  and  thair  movamant  allowa 
optimlaation  of  aircraft  moramanta  in  tha  approach 
and  holding  pattama.  Dalaya,  dua  to  waathar- 
cauaad  lowaring  of  airport  accaptanca  rataa,  ara  incraaa* 
ad  appraciahly  whan  aircraft  in  tha  holding  pattama  ara 
foread  to  contand  with  vary  unfavorabla  flight  conditiona  ^ . 
An  accurata  knowladga  of  slant  ranga  viaibllity  on  the 
glide  slope  materially  reduces  missed  approaches  and 
thus  contributes  significantly  to  delay  reduction.  The 
same  comment  applies  to  tha  winds  on  the  glide  slope  and 
particularly  to  low  altitude  shear  sonee  which  are  known 
to  exist  but  are  not  currently  observed  or  forecast. 


^Chicago  Area  Air  Traffic  Flow  and  Delay  Analysis,  Contract  FAA/BRD-42, 
Cook  Research  Labs. ,  Sept.  15,  1959. 
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Total  Ptaaltlt*  Incur  rod  from  All  Camoo 


o.  By  tho  Control  Syotom 

On#  of  tho  principal  factoro  olfocting  tho  Air  Traffic  Control 
Syatom  in  achioving  ito  goal  of  “oofo  and  officiant  utilisation  of  tho  airspaco" 
is  tho  praoont  inability  of  tho  syotom  to  obtain  and  uso  timoly,  accurata  and 
oporatlonally  oriontod  woathor  information.  Tho  suddon  impact  of  dotarior- 
ating  woathor  conditions  ovor  a  portion  of  tho  airways  froquontly  finds  tho 
systom  oporating  with  a  full  fair*woathor  load  of  airplanos.  Tho  immodiato 
result  of  ouch  a  situation  is  a  docroaso  in  accoptanco  ratss,  or  in  tho  oxtromo 
case,  a  closing  of  ono  or  moro  torminals  in  tho  affoctod  aroa.  This  requires 
the  initiation  of  flow  control,  establishing  of  holding  patterns  and  possibly 
diversions,  ail  of  which  cast  a  sudden,  large  overload  on  tho  controllers. 

If  the  affected  terminals  are  major  hubs,  tho  effects  on  traffic  flow  soon  spread 
outwards  in  all  directions  for  hundreds  of  miles  to  other  control  areas. 

If  such  a  woathor  situation  also  involves  turbulence,  the  reduction 
in  traffic  capacity  is  oven  greater.  Vortical  separation  between  aircraft  in  the 
turbulent  areas  must  be  doubled,  from  1,  000  to  2,  000  feet,  thus  eliminating 
a  number  of  flight  altitudes.  Re>assignmont  cf  available  altitudes  and/or 
re-routing  of  aircraft  imposee  an  additional  workload  on  the  controllers. 

Moreover,  moderate  to  severe  icing  conditions  will  render  a  range  of  altitudes 
unusable  around  and/or  over  the  affected  area. 

The  response  time  of  tho  present  aviation  weather  service  is 
inadequate  to  react  to  and  issue  advisories  regarding  short-period,  operationally 
significant  weather  changes.  Normal  communication  channels  can  take  up  to 
90  minutes  to  deliver  a  significant  pilot  report,  which  may  be  the  first  and  only 
clue  to  the  existence  of  a  deteriorating  weather  situation,  and  under  existing 
conditions  may  never  even  be  disseminated.  Additional  time  is  required  to  digest 
the  report,  and  for  preparing  and  transmitting  a  forecast  amendment.  Yet  the 
operationally  critical  time  period  of  revised  information  is  from  a  few  minutes, 
in  the  case  of  an  imminent  landing  or  take-off,  to  around  three  hours  for  a  brief¬ 
ing  in  preparation  for  an  average  flight. 
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Thus,  it  is  apparent  that  a  savers  case  of  air  traffic 
"indigestion"  can  develop  during  the  time  interval  required  for  the  present 
aviation  weather  service  to  ascertain  the  existence  of  deteriorating  weather 
conditions,  process  the  information,  and  issue  revised  forecasts.  Presently, 
only  a  small  portion  of  the  pilot  reports  received  by  flight  service  stations 
are  utilised  in  improving  and  updating  approach  sons  weather  information. 

The  result  of  this  situation  is  that  the  Air  Traffic  Control 
System  suffers  large  penaltiee  in  efficiency  and  capacity  due  to  hedging 
procedures  and  additional  safety  factors  Introduced  for  the  purpose  of 
"wiring  around"  the  weather,  many  of  which  could  be  eliminated  if  the 
response  time  of  the  weather  service  could  be  reduced  to  the  point  where 
information  regarding  significant  short-period  weather  developments  could 
be  delivered  to  the  Air  Traffic  Control  System  in  time  to  be  of  operational 
use. 

The  long  range  goal  of  any  weather  service  which  supports 
the  control  system  should  be  the  issuance  of  advisories  concerning  weather 
deterioration  before  the  fact.  In  the  interim  period,  rapid  recognition  of 
deterioration  and  immediate  forecast  revision  is  of  course  vital. 

1)  Duplication  in  the  Controller's  Workload 

A  large  portion  of  the  Air  Traffic  Controller's 
work  consists  of  the  issuing  of  IFR  flight  clearances,  preparing  of  flight 
strips  by  posting  estimated  times  of  arrival  at  the  various  check  points, 
and  searching  for  conflicts  with  other  aircraft  in  the  air.  Additional  tasks 
of  the  controller  may  be  any  one  or  combinations  of  the  following  in  case 
of  unexpected  weather  phenomena:  initiating  of  flow  control,  issuing  of 
holding  instructions  to  keep  aircraft  at  proper  spacing  intervals,  instituting  pro¬ 
per  holding  patterns,  updating  or  correcting  initial  postings  in  case  of  late 
or  early  arrivals  at  check  points. 

In  the  performance  of  these  duties  the  controller  would 

be  greatly  aided  by  a  detailed  and  accurate  knowledge  of  existing  weather 
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conditioiit  and  by  aeeurata  foracaati,  both  long  term  for  advancod  planning 
(traffic  and/or  poroonnol  utilisation)  sehsduling  purposas,  short  term  for 
proper  guidanco  of  incoming/daparting  pilots,  and  for  daciaion-making  in 
tha  control  of  local  traffic. 

Undar  praaant  conditions,  howavar,  the  controller 
at  tha  Air  Traffic  Control  Canter  ordinarily  cannot  naka  full  use  of  avail¬ 
able  weather  information.  Ha  does  not  see  all  weather  hasards,  such  as 
precipitation  centers  or  squall  lines,  on  his  traffic  surveillance  radar  nor  does 
he  receive  weather  observations  and  forecasts  in  ths  degree  of  detail  and  timeli¬ 
ness  that  he  requires. 

Thus,  lack  of  use  of  weather  information  introduces 
a  considerable  element  of  inafficiancy  into  tha  controller's  work.  A  specific 
example  of  a  flight  plan  change  due  to  weather  will  illustrate  this  point: 

d  Pilots  in  the  air  who  encounter  adverse  weather 
conditions  which  were  not  forecast  or  which  were 
unknown  to  the  controller  when  a  flight  plan  was 
Issued,  usually  request  a  change  in  flight  plan. 

•  Before  assigning  a  new  altitude  to  the  pilot,  the 
controller  must  perform  a  time-consuming  conflict 
search. 

•  If  no  conflict  at  the  new  altitude  or  on  the  new  route 
exists,  a  new  flight  plan  in  issued  by  the  controller, 
involving  additional  postings  and  time. 

•  In  cases  of  severe  turbulence,  the  required  vertical 
separation  must  be  increased  from  1000*  to  2000', 
requiring  an  additional  search  by  the  controller  to 
effect  the  new  2000'  separation  between  aircraft  in 
the  area  of  turbulence.  This  reduces  the  available 
airspace  and  creates  an  added  burden  at  a  critical 
period. 
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2)  I4*»«w  at  Lota  td  EfflcUncy  *nd  lUtulUnt  P«aaity 

A  ntMtur*  of  tte  total  workload  of  tho  ATC  foaetioB 
caa  bo  obtainod  from  tbo  BUinbor  of  eoataeto  roqolrod,  aun^r  of  fllgld  pUao 
procoaood.  tho  aandtor  of  pootiag o  oa  do,  tho  auasbar  of  flight  pUa  chaagoo, 
tho  aunibor  of  updatoo  roqairod.  aad  tho  auaibor  of  pilot  roquooto  for  opocial 
woathor  iaformation.  Thio  laot  itom  it  diotiaetly  ooparato  from  tho  othoro, 
baviag  ao  rolatioaohip  to  tho  coatrollor'a  primary  dutioo.  Howovor.  it  caa 
matoriaily  add  to  tho  commaaicatioB  load  aad  thuo  dolay  coatrol  moooagoo. 

It  aioo  coaoumoo  eontroUor  timo.  rooultiag  ia  dolayo  ia  tho  coatrol  docioioao. 

Figaro  23  iadicatoo  ia  ochomatie  faohioa  tho  procoooing 
of  a  flight  plaa  from  tho  filiag  to  tho  clooiag  but  tho  figuro  aoouiaoo  that 
chaagoo  ia  tho  flight  plaa  aro  oithor  duo  to  tho  coatrollor'o  roquoot  (traffic 
coaflict)  or  duo  to  tho  pilot'o  roquoot  (alraoot  oatiroly  duo  to  woathor  factors). 

Each  oporatioB,  iacludiag  pootiago  oa  tho  part  of  tho 
coatroUor  from  pro*plaaaiag  tho  iadividual  flight  to  tho  actual  arrival  aad 
clooO'Ottt  of  tho  flight  plaa.  io  coaoidorod  a  "traaoactioa"  aad  io  aaoumod  for 
thio  study  to  roproooat  that  fractioa  of  tho  ovor*all  workload  of  tho  coatroUor 
Imposod  by  tho  procossiag  of  tho  flight  plan  and  tho  coatrolling  of  tho  flight. 

Tho  FAA  Air  Traffic  Activity  roport  for  1960^  iadicatoo 
that  a  total  of  3, 687,  000  IFR  flight  plans  woro  filod.  Rocording  of  fix  postings 
wao  discontiauod  aftor  1939  but  tho  postiag  avoragos  for  1959  can  roasoaably 
bo  appliod  to  tho  1960  figuroo.  Using  tho  avorago  aurabor  of  traaoactions  par  IFR 
fUght  (10.  5)  for  1999,  a  total  of  38.  7  milUoa  traaoactioao  ia  ootimatod  for  1960. 
Thoso  includo  aU  woathor-iaducod  and  traffic -inducod  fUght  plan  changos  as 
woU  as  routlao  progrooo  reports.  It  will  bo  aotod  (Figuro  23)  that  tho  number  of 
onrouto  progress  reports,  namely  31,  326,  000,  wao  computed  by  subtracting  tako* 
off  and  landing  traaoactioao  from  tho  total  aumbor  of  38.  7  railUoa. 

FAA  Air  Traffic  Activity,  Fiscal  Year  I960 
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Tigttr«  n  .  8eh«matie  Flif^t  Plan  Proeatciag 


(i 


L 


From  •  eompariaon  of  Um  oeteal  onroato  traoMctioiM 
•xocutod.  Including  fUght  ptnn  ehnngoa.  witii  Um  tronanetiona  with  no  updntaa 
or  changaa  in  flight  pUna,  tho  additionnl  workload  impoaod  by  flight  plan 
changaa  on  tho  ATC  ayatam  can  bo  aatimatad. 

To  dotarmina  tha  thaoratical  nuihbar  of  tranaactiona 
raquirad  with  no  changaa  in  flight  plan,  tha  avaraga  trip  diatanca  and  tha 
minimum  numbar  of  poatinga  raquirad  par  flight  muat  ba  aatimatad. 

Tha  avaraga  diatanca  for  propallar-drivan  and  turbojat 
aircraft  ia  aatimatad  from  tha  FAA  foracaat  of  air  traffic  activity*  for  1960  by 
weighting  tha  daily  aircraft  utiliaation  with  tha  avaraga  apaad  and  numbara  of 
aircraft  involved  to  give  tha  following  weighted  avaraga  diatancaa: 

Avaraga  time  Avaraga  apaad  Avaraga  trip 

_________  diatanca 

Ganaral  Aviation  1. 10  hra.  130  kta.  142  milaa 

Air  Carrier,  .95  hra.  226  kta.  215  milaa 

Propallar 

Air  Carrier,  Jet.  3. 7  hra.  471  kta.  1730  milaa 

Baaed  on  thaaa  milaagaa,  tha  minimum  numbar  of 
tranaactiona  par  trip  with  no  updataa  or  changaa  ia  aatimatad  to  ba  9  for 
turbojat  aircraft  and  3  for  tha  propallar  aircraft.  Applying  9  tranaactiona 
to  tha  711, 000  turbojat  flighta  and  3  tranaactiona  for  2.  52  million  propeller 
IFR  flighta,  tha  weighted  avaraga  ia  4.  6  poatinga  par  flight.  Thia  includaa 
taka*offa  and  arrivala  for  ganaral  aviation,  air  carriar,  and  military  IFR 
flighta  and  raaulta  in  a  total  figura  of  16.  9  million  poatinga.  Deducting  tha 
taka-offa  and  landinga  wa  arrive  at  tha  theoretical  anrouta  numbar  of  poatinga 
of  9,  526,  000. 

Tha  diffaranca  batwaan  tha  numbar  of  actual  poatinga 
and  tha  minimum  raquirad  ia  due  to  all  cauaaa.  Tha  affacta  of  weather  and  tha 
inadaquaciaa  or  non«uaaa  of  weather  information  are  included  in  thia  diffaranca. 
Tha  diffaranca  in  poatinga  ia  31,  326,  000  tranaactiona  timaa  3  laaa  9,  526,  000  or 
83,  500, 000  poatinga.  (Thera  are  an  avaraga  of  3  poatinga  par  tranaaction). 

Cited  I,  pg.  144 
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B«««d  on  •  ourvoy  of  four  ntmjor  ATC  contort,  10% 
of  nil  flight  plnn  ehnngoa  involving  ndditionnl  pootingo  nro  mndo  nt  tho  roquoot 
of  tho  pilot  for  wonthor  ronoono.  Thio  Indlcntoo  that  10%  of  83,  500,  000,  or, 

8,  350,  000  pootingo  nro  nttributnblo  to  wonthor  cnuooo.  Thio  nmounto  to  6% 
of  the  total  number  of  138, 000,  000  annual  pootingo  (46,  074, 000  tranoactiono 
at  3  pootingo  per  tranaaction  which  oqualo  138,  000,  000  pootingo).  (See  Figure  23) 

Another  method  need  to  calculate  the  porcontago  of  all 
ATC  dolayo  cauood  by  weather  yioldo  tho  oamo  10%  figure.  From  a  Study  by 
Cook  Roooarch  Laboratory^  approximately  75%  of  all  ATC  dolayo  during  margi¬ 
nal  weather  poriodo  are  attributable  to  weather  cauoeo.  In  order  to  adjuot  there 

figureo  to  an  annual  baoio,  where  both  good  and  bad  weather  periode  are  en- 

2 

countered,  climatological  otudieo  have  been  nnade  uoe  of  .  Baoed  on  a  three 
year  period  at  21  nationally  diotributed  airporto,  the  otudy  ohowo  that  critical 
weather  conditiono  which  affect  ATC  operationo,  occur  approximately  15%  of 
the  time.  Applying  thio  factor  to  the  ATC  weather  delayo  during  marginal 
weather  periodo  yieldo  a  ratio  of  10%. 

While  the  elimination  of  there  additional  pootingo  would 
reoult  in  a  decreaoe  in  the  controller' o  workload,  the  more  extenoive  uoe  of 
weather  information  in  arriving  at  decioiono  in  the  ioouance  of  hio  flight 
clearanceo  may  add  to  hio  workload.  However,  the  net  effect  appearo  to  be 
a  decreaoe  in  over-all  workload.  There  will  be  a  definite  improvement  in  the 
quality  of  the  controller* a  oervice. 

4  The  elimination,  of  communication  cauaed  by 
pilot  encountered  weather  problema  will  leave 
the  controller  more  time  for  control  communica- 
tiono  and  control  decioiono. 

•  With  better  knowledge  of  the  weather  and 

^"Chicago  Area  Air  Traffic  Flow  and  DeUyAnalyeio",  FAA/BRD-42,  Sept.  1959 

^"Quantitative  Aoaeaament  of  the  Performance  Characteriatica  of  the  Airwaya 
Terminal  Forecaating  Sy atom",  Aerometric  Reaearch,  Coleta,  Calif.  April  1962 
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tU  distrlbutieB  and  movamaat,  •■pacially  durinf 
critleal  vaatiMr  parieda  tha  oparatioaal  ^iciaaey 
ci  tha  eoatreUar  ia  ineraaaad. 

•  By  aliiniaatlae  ot  pilot  raquaatad  flight  plaa  changaa 
which  eoeatitata  a  daplieatioa  of  work,tha  coatroUar 
will  ba  abla  to  handla  a  largar  numbar  of  pilota. 

Vhlla  thia  ia  difficult  to  aaaaaa  in  tarma  of  dollara  it  ia  a  dafinito  baaafit  to 
tha  ayatam. 

A  furthar  point  hara  may  ba  nada  of  tha  ineraaaad 
confidanca  with  which  tha  controUar  makaa  oparationai  daciaiona,  baaad  on 
mora  accurata  and  mora  timaly  waathar  information.  Thin  ia  diractly  raflactod 
in  tha  afficiancy  and  amoothnaaa  of  tha  controllad  air  traffic. 

Tha  Projact  Baacon  Raport  indicataa  that  tha  ATC 
oparation  of  tha  futura  wilt  raquira  computar  controla  for  propar  procaaaing 
of  tha  axpactad  traffic.  From  tha  foragoing  ramarka  it  ia  obvioua  that  any 
computar  davalopad  for  thia  purpoaa  will  of  nacaaaity  raquira  objactiva  typaa 
of  waathar  information  for  auccaaaful  intagratad  oparation. 

b.  By  tha  Air  Carriara 

In  ordar  to  aatimata  tha  axtant  of  ATC  dalay  dua  to  waathar 
cauaaa  axpariancad  by  tha  air  carriara,  tha  total  dalay  waa  firat  datarminad. 

An  air  carrier  aampla  waa  uaad  aa  tha  baaic  aourca  of  data  bacauaa,  of  tha 
thrae  typaa  of  aviation  activity,  tha  air  carriara  ara  tha  only  group  which 
maintaina  adaquata  racorda  for  thia  purpoaa.  Tha  baaic  aampla  amployad 
covarad  tha  activitiaa  of  ona  major  trunk  carrier  for  January,  February  and 
March  of  1961,  and  all  control  dalaya  aaaociatad  with  daparturaa  and  arrivala 
were  derived  from  thia  aampla.  To  include  a  factor  for  onrouto  control  dalaya 
another  aampla,  auppliad  by  tha  aama  carrier  and  covering  tha  12  montha  from 
July  1,  1960,  thru  Juno,  1961,  waa  utiliaad.  The  dalay  contained  in  tha  latter 
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s«mpl«  was  not  Ustsd  as  an  ATC  dslay  but  was  associatsd  with  altitudo 
clsarancss  snrouts.  This  dslay  was  latsr  addsd  to  ths  ATC  dspavturs 
and  arrival  dslays  in  ordsr  to  obtain  a  comparison  botwssn  ths  valuss 
arrived  at  in  this  manner  and  ths  considerably  larger  values  derived 
from  a  three  carrier  sample  in  another  study^.  This  comparison  will  be 
made  at  the  end  of  this  section. 

1)  Estimated  Hours  of  Delay 

Control  system  delays  per  flight  were  derived  from 
the  carrier  sample  by  obtaining  delay  figures  from  pilot  log  forms,  applying 
these  to  the  total  sample  activity  to  get  a  mean  duration  of  delay  in  minutes 
based  on  all  flights,  whether  delayed  or  not,  and  then  applying  these  mean 
velues  to  total  air  carrier  activity.  Table  34  shows  the  percent  of  flights 
delayed  and  delay  in  minutes  per  delayed  flight  for  the  sample.  The  absence 
of  enroute  values  for  Table  34  has  been  explained  above. 


Table  34.  Percent  of  Flights  Delayed  and  Minutes  of  ATC  Delay  Per 


Activity  and 

Delay  Cause 

Turbojet* 

Propeller  I 

Percent 

Flights 

Delayed 

Minutes  of 
Delay  per 
Delayed  Flight 

Percent 

Flights 

Delayed 

Minutes  of 
Delay  per 
Delayed 

Flieht 

Departure 

Field  traffic 

12.4 

3.65 

13.7 

2.9 

Clearances 

4.0 

5.  1 

6.0 

4.8 

Enroute 

Arrival 

Clearances 

IS.  1 

7.  35 

15.6 

6. 1 

Field  Traffic 

6.6S 

2.8 

4.5 

2. 1 

^Economic  Criteria  for  FAA  Expenditures  -  FAA/BRD-35S,  United  Research,  Inc. 

^DC-8  and  B>720  aircraft  were  included  in  the  sample  and  straight  averages  were 
employed  since  the  activity  levels  were  nearly  equal. 
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T»bU  3S  ahewa  tiM  Mmpla  total  dapartaraa  and  arrivala, 
tha  total  numbar  of  Aighta  dalayad,  and  tba  total  mlnutaa  of  dalay.  la  tba  laat 
column  tha  dalay  par  flight  la  Uatad.  Thia  valua  raaulta  from  divifbng  total 
fUgbta  into  total  mlnutaa  of  dalay.  Enrouta  dalaya  ara  includad  in  thia  table; 
data  ware  available  in  tha  form  of  total  mlnutaa  of  dalay  for  S5, 080  turbojet 
fllghta  and  270.  378  propeller  driven  fligbta.  Thaoa  enrouta  dalaya  ware  aaaoci* 
atad  with  altitude  ehangaa  only. 


Table  35.  bfinutaa  of  ATC  Dalay  Par  Flight 


Aircraft  Activity 

Tote» 

Total 

Total 

Mean  Duration 

FUghta 

FUghts 

Mlnutaa 

of  Dalay  for  Each 

Delayed 

of  Dalay 

FUght.  Mlnutaa 

Turbojata  Departure 

12. 787 

Claarancea 

2,727 

.21 

Field 

5.713 

.45 

Traffic 

Enrouta 

5.318 

.096 

Arrival 

12. 742 

Claarancea 

1931 

14,  734 

1.2 

Field 

793 

2.  179 

.  17 

Traffic 

Propellera  Departure 

59. 279 

Claarancea 

3559 

17,  542 

.29 

Field 

8135 

23.  535 

.40 

Traffic 

Enrouta 

16,  322 

.06 

Arrival 

59. 250 

Claarancea 

9260 

56. 229 

.95 

Field 

2651 

5,  548 

.09 

Traffic 

■^Arrival  and  departure  figuraa  do  not  agree  bacauaa  a  few  reporta  ware  not 
completely  filled  out. 
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In  Tabla  36  th«  iman  duration  of  dalay  in  minutos  for  ovary 
flight,  horaaftar  callad  tha  dalay  factor,  ia  appliad  to  tha  antiro  air  carriar  float. 
Tha  totala  aro  aaaaonally  adjuatad  by  a  factor  of  90. 7%.  TUa  factor  waa  darivad 
from  an  analyaia  of  tha  aaaaonal  varianca  in  achadula  parformanca'  and  war  appliad 
here  aince  the  baaic  departure  •  arrival  data  covara  only  the  period  January, 
February  and  March. 


Table  36.  Dalay  Factor  and  Total  Houra  of  ATC  Dalaya,  1960 


Activity 

Cauae 

Aircraft  Type 
ToUl  Flighta 

Dalay 

Factor 

Total  Houri 
Dalay 

Saaaonally  Adjuatad 
Total  Houra 

Departure 

Turbojet 

Clearancea 

100.600 

.45 

754 

Field  Traffic 

100, 600 

.21 

342 

Enroute 

100,  600 

.096 

166 

Arrival 

Clearancea 

100,600 

1.20 

2,012 

Field  Traffic 

100, 600 

.  17 

285 

Sub  Total 

2. 13 

3,559 

3,228 

Departure 

Propeller 

Clearancea 

3,  579, 000 

.29 

17,298 

Field  Traffic 

3,  579, 000 

.40 

23, 860 

Enroute 

3,  579, 000 

.06 

3,579 

Arrival 

Clearancea 

3,  579, 000 

.95 

56,  668 

Field  Traffic 

3,579,000 

.09 

5,368 

Sub  Total 

1.79 

106,  773 

96, 843 

Weighted  Dala 

y  Factor 

1.80 

GRAND  TOTAL  Houra  of  DaUy 

,  ■  .1 

110,332  1 

00, 071 

1 


See  Appendix  D. 
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Compatlaf  th«  total  dotay  taetor  for  all  carrior  air* 
craft,  both  tuiltojota  and  propoUors,  roaulta  in  a  woifhtod  avoraga  of  1.  g 
minutaa  of  delay  par  flight  to  ba  appUad  to  tha  air  carrier  fleet  in  1960. 

Aa  turbojet  oparationa  are  foracaat  to  incraaaa  ralativa  to  propeller  flighta, 
thia  factor  baa  beoa  adjuatad  upward  in  making  projectiona  to  1975. 


The  total  delaya  in  houra  wore  projected  on  the  baaia 
of  foracaat  changea  in  aviation  activity^.  Table  37  aummariaea  the  projectiona 
of  flight  activity  through  1975  for  the  two  aircraft  typea  uaed  in  thia  atudy. 


Table  37.  Air  Carrier  Activity  Pro; 

ection  by  Number  of  Flighta 

Aircraft  Type 

1960 

1965 

1970 

Propeller 

Turbojet 

2,  972.  000 

3,218,  000 

Total 

3, 679, 600 

4,  570,  000 

5,  340,  000 

6.  190,  000 

Application  of  the  dalay  factor  aa  determined  from  the 


aample  and  aaauming  no  proportionality  change  in  future  yeara,  reaulta  in 
the  eatimated  projected  delay  houra  liated  in  Table  38.  In  arriving  at  the 
deciaion  not  to  change  the  delay  factor,  it  waa  aaaumed  that  increaaing  air 
apace  congaation  will  be  offaet  by  more  efficient  control.  The  over>all  delay 
factor,  however,  doea  incraaaa  becauae  of  the  incraaaa  in  turbojet  activity 
(aae  Table  37).  Uaing  FAA  foracaat  atatiatica^  aa  a  baaia,  the  delay  factor 
applied  to  the  total  carrier  flighta  yielda  the  following  delay  houra: 


Table  38.  Seaaonally  AdJueted  Projected  ATC  Delay  Houra  for 
the  Air  Carrier  Fleet 


Data  Samplea 

Delay 

Factor 

1960 

1965 

1970 

1975 

Turbojet 

2. 13 

32.  069 

66. 869 

103,615 

Propeller 

1.79 

96.  708 

88. 130 

80.419 

Total 

■nxmi 

T 


FAA  Foracaat  of  Air  Traffic  Activity,  1960-1975 
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2)  Economic  AttecUt«d  with  D<Uy  Hourt 
and  biroct  Oporntini  Coots 

Tho  proviotttly  darivod  ^  dollar  valuaa  of  waighted 
avaraga  coat  par  hour  wara  applied  to  tha  total  aatimatad  hours  of  projactad 
ATC  delay  from  Table  38  to  obtain  tha  total  penalty  in  dollars  due  to  direct 
operating  coats  of  tha  carrier  fleet  in  tha  1960-1975  period.  These  losses 
are  shown  in  Table  39  below: 


Table  39.  Air  Carrier  Direct  Operating  Costs  Due  to 

ATC  Delays 


Item 

1960 

1965 

1970 

1975 

Total  Hours  Delayed 

100, 071 

128, 888 

154. 999 

184. 034 

Cost  Per  hour 
(see  Part  I,  Page  20 

$375 

$500 

$570 

$578 

Adjusted  Cost  Per 
hour  (see  Part  1, 

Page  21 

$295 

$395 

$448 

$454 

TOTAL  COST. 

(in  millions) 

$29. 50 

$50.88 

$69. 44 

$83. 54 

3)  Economic  Loss  Associated  with  Delay  Hours  and 
Lost  Passenger  Time 


Previously  derived  hourly  costs  of  passenger  time 
(Part  I,  A,  2)  were  applied  to  ATC  delay  hours.  An  average  number  of 
passengers  of  71  for  turbojets  and  34  for  propeller  driven  aircraft  was  used. 
Weighted  numbers  were  determined  from  type  utilisation  to  arrive  at  the 
average  number  of  passengers  per  hour  of  delay  (Table  40). 


1 


Tables  1  and  5 
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Tabu  40.  Paataagar  Tima  Loaa  Aaaociatad  with  ATC  Carriar 

DaUya 


Itam 

1960 

1965 

1970 

1975 

Total  ATC  DaUy 

Houra 

100, 071 

128, 777 

154, 999 

184,  034 

Number  of  Paaaangara 
Per  Hour  (Weighted 
Average) 

35 

43 

50 

55 

Total  Paaaangar  Houra 
of  OaUy  (miUiona) 

3.50 

5.53 

7.75 

10.  12 

Coat  par  paaaangar 

hour 

$6.  50 

$7.35 

$8.50 

$9.40 

TOTAL  COST  OF 
PASSENGER 

DELAY 

(million  dollar  a) 

$22. 75 

$40.65 

$65. 86 

$95. 13 

c.  By  Ganaral  Aviation 

U  Eatimatad  Houra  of  Dalay 

A  rational  baaia  for  aatimating  ganaral  aviation 
ATC  dalaya  ia  to  employ  the  ratioaof  ganaral  aviation  fUghta  to  air  carrier 
flighta  contacting  the  Air  Traffic  Control  Syatam. 

It  waa  aaaumad  that  general  aviation  aircraft  con¬ 
tacting  control  cantara  ware  operating  on  an  IFR  flight  plan  and  therefore 
would  exparianca  control  daUya  proportional  to  thoaa  of  the  air  carriara. 
Thia  aaaumption  appaara  to  be  valid  ainca  all  contacta  ara  daacribed  in 
the  FAA  rafaranca^  aa  being  made  by  IFR  flighta. 


T 


FAA  Air  Traffic  Activity,  CONUS, 


1960-1975,  Saptambar,  1961 
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Tha  following  ratioa  aro  thus  aatabliihod: 


Tabu  41.  Ratio  of  Gonaral  AvUtion  IFR  Flights  to  Carrier  IFR 

FUghts 


Center 

Contacts 

Air  Carriers 

General 

Aviation 

Ratio;  X  100% 

A  t  w* 

Departures 

2, 009, 623 

296. 040 

14.7% 

Overs 

1.  111.  127 

128. 578 

11.6% 

Instrument 

Approaches 

527. 689 

141.946 

26.8% 

With  these  ratios  the  total  general  aviation  ATC  delays 
can  be  estimated  from  the  known  carrier  delay  hours.  The  procedure  followed 
here  has  been  to  summariae  all  delay  hours  for  the  calendar  year  I960.  Using 
this  value,  the  projections  to  1975  have  been  obtained  from  the  factors  by 
which  general  aviation  IFR  flight  activity  is  forecast  to  increase^. 


Table  42.  Total  Estimated  Hours  of  ATC  Delays  in  General 
Aviation,  1960-1975 


1  Item 

1960 

1965 

1970 

1975 

Activity  Carriers 

Delay  Hrs. 

mm 

42,254 

tures 

Enroute  3, 745 

Arrival  64, 333 

14.7 

11.6 

26.8 

6,210 

435 

17, 300 

Total 

1960  110,332 

DeUys 

23,845 

Seasonally 

Adjusted 

(90.7%)  100,071 

21,620 

General  Aviation  IFR 

Flying  Hours  (Factor  ^ 
Based  on  1960  Hours) 

1.0 

1.6 

2.  5 

3.67 

1  Total  Estimated  Hours  of  Delay 

■  IIITf 

34.  800 

54. 000 

79.  000 

J|AA^A^^J^jmg^Actlvlty,  CONUS  1960-1975.  September.  1961 


TabU  43.  Avavaga  I960  Dlraet  Oparatiag  Coat  for  Boainaai  and 
Conmarcial  Qaaoral  Aviatioa  IFR  Aircraft 


Houre  Flown 
in  thouaanda 

%of 

Total 

BBTwfTTYA  ^  ^TPT'S 

Shngle  Engine  4  place 

up  to  200  h.  p. 

2. 904 

36 

20. 00 

7.20 

over  200  h.  p. 

2,867 

36 

30.  00 

10. 80 

Multi-Engine 

up  to  800  h.  p. 

1,272 

16 

65.00 

10.40 

800-2000  h.  p. 

457 

6 

80. 00 

4.80 

over  2000  h.  p. 

460 

6 

130.00 

7.80 

Average  coat/hour 

41.00 

With  theca  hourly  operating  coat*  the  total  direct 
operating  loeeee  have  been  computed  and  are  preeented  in  Table  44. 


Table  44.  General  Aviation  Total  Direct  Operating  Coete  Aeeociated 

with  ATC  DeUye 


Item 

1960 

1965 

1970 

1975 

ToUl  ATC  Delay 
Houre 

23,  300 

37. 500 

57,  900 

81,000 

Operating  Coat/Hr. 
(Average  IFR  Air- 

$41.00 

$41.00 

$41.00 

$41.00 

craft) 

Total  Operating 
Loaaea  (milliona) 

$0.95 

$1.44 

$2.37 

$3.32 

2)  Economic  Loee  Aeaociatad  with  Delay  Houre  and 
“direct  Operating  Coete 

In  order  to  aaeeea  the  economic  loee  from  direct 
operating  coete  involved  in  ATC  dalaye,  tha  direct  operating  coete  for  IFR  ganaral 
aviation  hava  bean  derived  from  etatietica  on  percentage  uaage  by  aircraft  claaa^ 

^FAA  Statiatical  Handbook,  1961  Editlpn 


•ad  ••timates  of  th«  typ«t  of  aircraft  utiUaad  for  ganaral  aviation  buainata 
and  cotnmarcial  uaa  and  of  tha  coata  of  opa rating  thaae  aircraft.  The 
aatimatad  coata  includa  fuel,  oil.  maintananea,  inauranca  and  dapraciation 
baaed  on  a  250*300  hour  utiliaation  par  year.  Craw  coat  ia  included  for 
multi 'angina  aircraft  over  800  horaapowar.  Table  43  liata  the  varioua  factora 
and  the  average  oparatiag  coat. 

3)  Economic  Loaa  Aaaociatad  with  Delay  Houra  and 
Loat  Paaaanger  Time 

Aa  in  tha  caaa  of  the  carriera,  paaaanger  time  ia 
loat  when  general  aviation  aircraft,  flying  on  buaineaa,  are  delayed.  The 
paaaengera  who  utilise  general  aviation  buaineaa  and  "for  hire"  aircraft 
and  are  aaaociatad  with  IFR  flighta  are  aaaumed  to  be  executivea  and  aaiea* 
men  whoae  earninga  are  an  average  of  $20.  000  per  year.  Based  on  2000 
work  hours  per  year,  thair  time  is  worth  approximately  $10.  00  per  hour. 
From  Federal  Aviation  Agency  statistics  it  was  established  that  the  average 
number  of  passengers  par  aircraft  in  1960  was  3.  3.  The  Agency  forecasts 
3.  9  per  aircraft  in  1965.  4.  2  in  1970  and  4.  8  in  1975. 

If  an  annual  salary  growth  rate  of  2  1/2%  is  assumed, 
the  time  of  the  paaaengera  being  discussed  will  be  worth; 

$10.00  in  1960 

$11.25  in  1965 

$12.65  in  1970 

$14.25  in  1975 

Table  45  presents  the  projections  to  1975. 
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Tabu  4S.  Loaa  of  PaaMagar  Tina 


Item 

1960 

1965 

1970 

1975 

Total  ATC  Delay 

Hours 

21,  ^20 

34, 800 

54.  000 

79.  000 

Number  of  Passengers 

3.3 

3.9 

4.2 

4.8 

Number  of  Passenger 
Houra 

72.  000 

136, 000 

227, 000 

380, 000 

Coat  per  passenger 

hour 

$10.00 

$11.25 

$12.65 

$14.25 

Estinnated  Loss  of 
passenger  time 

(millions) 

$0.72 

$1.53 

$2. 87 

$5.40 

d.  By  Military  Aviation 

1)  Eatinatad  Houra  of  DaUy 

A  a  in  tha  caaa  of  ganaral  aviation,  the  daUys  in 
military  aviation  ware  baaad  on  tha  ratio  of  total  IFR  operations  of  tha  Air 
Carriers  to  toul  IFR  operations  of  tha  military^  Tha  resultant  factors  ware 
than  applied  to  tha  known  carrier  delays  in  order  to  estimate  tha  military 
delays.  The  factors  are  shown  in  the  table  below  for  FY  1961. 


Table  46.  Ratio,  Miiitary/Air  Carrier  IFR  Operations 


Center  Contacts 

Air  Carrier 

MiliUry 

Factor^ 

Departures 

2. 009, 623 

1, 050,  063 

52.4% 

Overs 

1. 111,127 

1, 403,  740 

126% 

Instrument 

Approach 

527. 689 

246, 155 

46.6% 

^FAA  Air  Traffic  Activity  in  CONUS,  1960>1975 
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la  datarntaiag  tlM  total  dolay  duo  to  ATC  eauoot. 
laeurrod  by  military  aircraft,  tba  field  traffic  valaaa  wer#  aot  omployad 
bccauac  aetivitiaa  oa  miUtary  baaca  arc  aot  coaaidorod  aa  withia  dm  Air 
Traffic  Coatrol  Syatom.  Tharofora.  tha  fiald  traffic  portioa  waa  takaa 
out  of  the  carrier  dalaya  and  tha  ramaiaiag  total  dalay  houra  wara  uaad,  to 
ba  applied  to  tha  military  factor  a. 

Tabla  47.  Air  Carrier  ATC  Dalay  Houra  (Without 
Field  Traffic) 


ATC  Activity 
aad  Dalay  Cauaa 

Turbojet 

Dalay  Houra 

Propeller 
Dalay  HOura 

Total  Jet 
and  Propeller 

Departure 

Claaraaeaa 

754 

18. 052 

Enrouta 

166 

3,  745 

Arrival 

Claaraaeaa 

2,012 

58.  680 

TOTAL  DELAYS 

2. 932 

77,  545 

80. 477 

Tha  pracadiuf  tabla  bow  parmita  tha  applicatioB  of 
tha  military  dalay  factora  to  the  departure  and  arrival  dalaya  of  tha  earriara 
for  tha  Fiaeal  Year  1961. 


Tabla  46.  Houra  of  Military  ATC  Dalay,  FY  1961 


ATC  Activity 

hflL 

Total  Military 
Dolay  Houra 

Daparturaa 

WM 

Earouta 

Arrlvala 

SEBHIi 

46.6% 

Total  Dalay  Hra. 

40, 800 
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Uaing  th*  PAA  feracaata  for  military  flying  activity^ 
and  aaaumiag  tha  dalaya  to  vary  by  tho  aamo  factor  by  which  total  flight 
activity  variaa.  tha  projactad  total  houra  of  dalay  in  military  aviation  hava 
baan  aatimatad. 


Tabla  49.  Projactad  Houra  of  Military  Dalay 


Itam 

1960 

1965 

1970 

1975 

Total  Dalay  Houra 

40.800 

36. 300 

33, 200 

28, 100 

2)  Economic  Loaa  Aaaociatad  with  Dalay  Houra  and 
"Piract  Oparating  Coata 


Dua  to  tha  abaanca  of  any  data  on  tha  coata  involvad  in 
flying  tha  varioua  typaa  of  military  aircraft,  diract  oparating  coata  of  military 
aircraft  hava  baan  darlvad  from  air  carrlar  valuaa.  Aa  pravioualy  traatad  in 
Part  I,  A.  tha  diract  oparating  coata  of  carriara  hava  baan  brokan  down  into 
tha  varioua  itama  ahowing  Tabla  50, 


Tabla  50.  Factora  Compriaing  Diract  Oparating  Coata 


Itam 

Parcant  Total 

Hourly  Coat  of  Dalaya  | 

Diract  Oparating 

Coata 

Raaultant 

Valua 

Craw  Salary 

8.8% 

100 

8.8% 

Inauranca 

15.6% 

100 

15.6% 

Fual 

23.5% 

100 

23.5% 

Diract  Mainta* 

19.0% 

100 

19.2% 

nanca 

Indiract  Mainta- 

10.0% 

0 

0 

nanca 

Dapraciation 

22.9% 

50 

11.5% 

TOTALS 

100.0% 

78.6% 

^Foracaata  of  Annual  Flight  Activity.  CONUS,  1960>75,  FAA  Traffic  Analyaia  BR. 
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If  th«  78. 8%  figure  iu  appliud  to  total  op•rutil^:  coeta 
of  air  carrier  delay  houre.  the  projected  hourly  direct  operating  coeta  for 
both  turbojet!  and  propellera  can  be  determined  for  the  1960*1975  period 
as  ahown  on  the  following  table: 


Table  51.  Hourly  Operating  Costa 


Item 

1960 

1965 

1970 

1975 

Total  Hourly 
Operating  Cost 

$960 

$880 

$800 

$720 

Cost  Per  Hour 
Delayed 

$755 

$692 

$629 

$566 

Flight  (78.6%) 

Total  Hourly 
Operating  Cost 

$320 

$315 

$310 

$305 

pellerCost  Per  Hour 
Air-  of  Delayed 
craft  Flight  (78.  6%) 

$252 

$248 

$244 

$240 

In  the  operation  of  military  aircraft,  it  may  be  argued 
that  crew  costa  should  be  ignored  since  the  personnel  are  available  in  any 
case.  Insurance  costs  are  non*exiBtent  for  the  military.  On  the  other  hand, 
depreciation  on  military  aircraft  is  more  rapid  and  original  cost  is  greater. 
Maintenance  is  an  unknown  factor  but  probably  is  more  costly  in  military 
operations  than  for  carriers.  It  is  estimated  that  the  elimination  of  crew 
and  insurance  costs  is  offset  by  the  greater  depreciation  and  probably  greater 
cost  of  maintenance. 

In  Table  52  the  hourly  costs  of  military  turbojet  and 
propeller  aircraft  are  estimated  and  projected  to  the  1975  period^. 


^Forecasts  of  Air  Traffic  Activity,  CONUS,  1960-75,  FAA 
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TabU  52.  Hourly  Diroet  Oporuttuf  Costa  of  lidlitary  Aircraft 


1  Item 

— - 

mmam 

Percentage 

of  Plying  Hours 

Turbojet 

KUH 

Em 

_ m  1 

Propeller 

irif 

BiiH 

■syM 

Cost  Per  Hour 
of  Delay 

RIISffliHHI 

1755 

rmm 

warn 

$566 

Propeller 

$252 

$248 

$244 

$240 

Weighted  Average  Cost 

Per  Delay  Hour 

$509 

$516 

$486 

$454 

Applying  thoaa  hourly  costa  to  total  delay  hours,  sstiinatsa 
of  the  total  direct  operating  losses  due  to  the  ATC  delays  in  miliUry  aviation 
have  been  made  and  are  presented  in  Table  53. 


Table  53.  Military  Aviation  Direct  Operating  Costs  Due  to  Air  Traffic 

Control  Delays 


Item 

1960 

1965 

1970 

1975  ] 

Total  Hours  of  Delay 

Cost  Per  Hour  of  Delay 

33. 600 

$516 

IS9B 

m 

TOTAL  COST  OP  DXLAYS 
(mllUons) 

$19.19 

$17.34 

$14.  92 

$11.80 

e.  Summary  of  Total  Losses 


All  the  above  ATC  delays  were  based  on  a  well  documented 
sampling  from  a  large  integrated  trunk  carrier  with  operations  extending  over 
the  entire  U.  8.  Thus,  tbs  values  found  for  the  annual  delay  hours  are  considered 
fairly  represenUtive  of  all  nationwide  carrier  operations.  However,  as  a 
check  on  the  correctness  of  this  assumption  an  analysis  was  made  by  comparing 
the  operations  of  the  sample  carrier  at  40  airports  ssrviesd  by  this  carrier 
with  all  U.  S.  carrier  operations  at  thsse  same  airports.  The  major  assumption 
made  here  is  that  traffic  activity  is  directly  related  to  ATC  delays. 
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Th«  analytla,  which  is  treated  in  detail  in  Appendix  E,  eetimatee 
that  total  activity  of  all  U.  8.  carriera  ia  greater  by  a  factor  of  7. 4%  than  the 
activity  of  the  aampled  carrier,  when  adjuated  to  total  national  traffic.  Thua, 
by  increaaing  the  aum  of  all  ATC  delaya  computed  in  thia  aection  by  a  factor 
of  7.  4%,  the  eatimatea  are  believed  to  approach  more  nearly  the  actual  national 
traffic  denaity. 


The  table  below  aummariaea  all  ATC  delay  penaltiea  and 
includea  the  repreaentativeneaa  factor  of  7.4%.  (See  Figure  24) 

Table  54.  Summary  of  Penaltiea  Due  to  All  ATC  Delaya 


Item 

1960 

1965 

1970 

1975 

A.  Air  Carriers 

Direct  operating  costa  (millions) 

Lost  passenger  time  (millions) 

$29. 50 

$22. 75 

$50.88 

$40. 65 

$69.44 

$65.86 

m 

B.  General  Aviation 

Direct  operating  coats  (millions) 

Lost  passenger  time  (millions) 

$0.  95 

$0.72 

$1.44 

$1.53 

$2.37 

$2.87 

$3.32 

$5.40 

C.  Military  Aviation 

Direct  operating  costs 

$19.19 

$17.34 

$14. 92 

$11.80 

Total  Penaltiea  (millions) 

73. 11 

111.84 

155.46 

199. 19 

Adjusted  to  National  Carrier 

Activity  (factor  of  representa¬ 
tiveness  1.074) 

$78.  52 

$120. 12 

$166.96 

$213.93 

The  above  valuea  repreaent  the  reaulta  of  atatiatica  conaidered 
to  be  the  best  available  at  the  present  time.  However,  a  recent  study  prepared 
for  the  FAA  by  United  Research,  Inc.  ^  arrives  at  higher  estimates  for  the  total 

^"Economic  Criteria  for  Federal  Aviation  Agency,  Expenditures",  June  1962 
(Contract  No.  FAA /BED -355) 
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FIGURE  24.  SUMMARY  OF  TOTAL  LOSSES  DUE 

TO  ATC  DELAYS 
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ATC  e«rvi«r  daUyt.  TIm  Mn^ag  for  tliis  atady  ma  darivod  from  thraa 
major  trunk  enrrlara.  ooa  of  uMek  eoneantmtaa  Ita  oporationa  alraoat  ox> 
eluaivaly  In  Hm  high  activity  ragiona  of  tha  Eaatam  U.  8.  Thua,  it  ia  eoneaiv* 
abia  that  thia  aampla  ia  aomauAtat  haavily  uralghtad  towarda  high  activity 
airporta  whara  tha  ATG  dalaya  ara  mora  numaroua  than  tha  national  avaraga. 
Sinea  both  aamplaa  ara  aatimataa,  ropraaantlag  a  lowar  valua  and  an  uppar 
valoa  of  ATC  earriar  dalaya.  wa  will  uaa  both  valuaa  hara  aa  a  ragim  of  ATC 
panaltioa  and  apply  tha  aubaaquant  banafit  analyaia  to  thaaa  uppar  and  lowar 
limita  rathar  than  to  a  diaerata  vahia  of  annual  ATC  panaltioa.  Tha  following 
tabla  llata  tha  total  panaltioa  baaad  on  tha  dalay  houra  of  tha  Unitad  Raaaarch. 
Inc.  report.  Thaaa  panaltiaa  hava  boon  plotted  in  tha  graph.  Figure  2S. 


Tabla  55.  Total  Projected  ATC  Panaltioa  Baaad  on  United  Raaaarch 

Report 


Item 

1960 

1965 

1970 

1975 

Total  Roura  of 

Carrier  ATC  Dalay. 
United  Raaaarch 
Report 

160. 194 

198,  959 

232.  290 

259,  265 

Total  Houra  of 

Carrier  ATC  Delay. 
Thia  Report 

100. 071 

126. 777 

154, 777 

184,  034 

Total  Houra  of 

Carrier  ATC  Dalay 
Adjuatad  for 

Rapraaantativanaaa 

(factor  a  1.  074) 

107.  500 

138.  300 

166, 200 

197,  700 

Factor  of  incraaaa 

URI  DaUva 

CBA  AdJ.  Dalaya 

1.49 

1.44 

1.40 

1.30 

Total  Panaltioa  Baaad 
on  URI  Dalaya 
(railUona) 

$110.00 

$164.0 

$218.0 

$260. 0 
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MILLIONS  OF  DOLLARS 


FIGURE  25.  TOTAL  PROJECTED  PENALTIES  DUE  TO 
ATC  DELAYS  ( in  million  dollors) 
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4. 


irotaa  ATC  D«Uy  IHw  to  W>«th«r 

In  Part  1.  C.  3.  a. .  tha  total  dalays  axpariancad  by  aircraft  in  tha 
air  dua  to  all  traffic  control  cauaaa  and  tha  aaaoeiatad  aconomic  panaltiaa  hava 
baan  lummariaad.  A  portion  of  thaaa  dalaya  ia  indapandant  of  waathar  and  ia 
cauaad  primarily  by  traffic  congaation  dua  to  achaduling.  Tha  remaining 
portion  ia  daa  to  waathar  cauaaa.  A  number  of  atudiaa  have  been  made  to 
aingle  out  tha  varioua  cauaal  factora  of  ATC  dalaya.  A  caae  atudy  performed 
by  Cook  Reaaarch  Laboratoriaa ^  analyaad  tha  total  number  of  ATC  dalaya  and 
delay  time  during  typical  VFR  weather  daya  and  during  marginal  waathar  parioda. 

Approximately  75%  of  all  ATC  dalaya  which  occurred  during  the 
perioda  of  bad  (or  marginal)  terminal  weather  in  thia  atudy  were  attributed  to 
the  weather.  To  aaaeaa  the  reduction  of  thia  delay  which  could  be  accom* 
pUahed  by  communicating  batter  and  more  timely  waathar  information  to  the 
ATC  eyatem.  it  waa  necaaaary  to  determine  the  total  effect  of  the  weather 
itaeif,  aegregate  the  phenomena  aaaociated  with  delay,  and  then  attempt  to 
evaluate  the  reaulte  of  improving  the  information  conveyed  about  theae  pheno¬ 
mena. 

Ciimatologically,  marginal  weather  haa  been  eatimated  to  exiet 
over  the  United  Statea  18.  5%  of  the  time  .  Application  of  thia  climatological 
value  to  the  75%  value  reaulte  in  a  percentage  of  13.  9  which  repreaenta  the 
weather  contribution  to  the  total  delay  of  the  ATC  ayetem.  For  the  purpoaea 
of  thia  analyaia  a  figure  of  10%  will  be  uaed.  The  following  table  liata  the 
projected  dollar  loaaea  from  ATC  delaya  due  to  all  weather  cauaea: 


Chicago  Area  Air  Traffic  Flow  and  Delay  Analyaia,  Summary  Report,  Volume  I, 
September  15,  1959 
2 

"Quantitative  Aaaeaament  of  the  Performance  Characteriatica  of  the  Airwaya 
Terminal  Forecaating  Syatem",  Aerometric  Reaearch,  Inc.  Contract  Cwb  10077, 
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Tabu  56.  Summary  ot  Paaaltiaa  From  ATC  Oalaya  Dua  to 
Waathar  Cauaaa  (in  million  dollara) 


Itam 

1960 

1965 

1970 

1975 

Total  Panaltiaa  dua  to 

ATC  OaUya 

Lowar  valua 

$78. 52 

$120. 12 

$166.  96 

$213.93 

Uppar  valua 

110. 00 

164. 00 

218.00 

260.  00 

Panaltiaa  from  ATC 

DaUya  Dua  to  Waathar 

Cauaaa 

(10%  of  Toul) 

Lowar  valua 

7.85 

12.01 

16.70 

21.39 

Uppar  valua 

11.00 

21.80 

26.  00 
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COST  ANALYSIS  OT  PRESENT  AVIATION 
WEATHER  SERVICES 


PART  U 


COST  ANALYSIS  OF  PRCffiNT  AVIATION 
WEATHXR  SERVICES 

A.  INTRODUCTION 

B.  DESCRIPTION 

C.  ESTIMATED  COST  TO  THE  PARTICIPATING  ACENOES 

D.  SUMMARY  OF  TOTAL  COSTS 
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ESTIMATED  COST  OT  THE  PRESENT  AVIATION 
WEATHER  SERVICE 


A.  INTRODUCTION 

Th«  aviation  waathar  aarvica  axiata  for  tha  purpoaa  of  providing 
timaly  waatliar  information  in  a  format  that  ia  uaaful  and  intaUigibla  to  airapaca 
uaara  and  air  traffic  controllar  /  managara  to  aaaiat  thorn  in  making  daciaiona 
in  tha  conduct  of  thair  oparationa.  To  provida  thia  information,  mataorological 
phanomana  ara  obaarvad  and  maaaurad,  thaao  obaarvationa  ara  procaaaod  into 
analyaaa  and  foracaata  of  futura  conditiona,  and  thia  information  ia  than  pra- 
aanted  to  tha  oporational  uaara.  Communication  linka  of  varioua  kinda  are 
uaad  to  tranaport  tha  information  batwaen  tha  varioua  parta  of  the  aarvica  and 
to  tha  ultimata  uaara. 

Tha  praaant  aviation  waathar  aarvica  ia  aupported  primarily  by  the 
combined  and  coordinated  afforta  of  two  government  aganciaa;  tha  U.  S. 

Weather  Bureau  and  tha  Federal  Aviation  Agency.  Tha  Navy  and  Air  Force 
alao  make  appreciable  contributiona  to  tha  aarvica.  principally  in  tha  field 
of  weather  obaarvationa,  taken  in  aupport  of  thair  own  oparationa,  which  ara 
made  available  to  the  civil  ayatam.  In  arriving  at  an  eatimate  of  tha  coat  of 
the  aviation  weather  aarvica,  it  will  be  advantageoua  to  firat  praaant  a  brief 
deacription  of  tha  aarvica  and  how  it  oparataa. 

B.  DESCRIPTION 

Tha  aviation  waathar  aarvica  ia  moat  convaniantly  daacribad  aa  a 
ayatam  compriaad  of  four  principal  componanta  or  aubayatama,  aa  followa: 

Obaarving  •-  Thia  aubayatam  aanaaa  tha  mataorological  paramatara 
with  inatrumanta  or  tha  human  aya  and  providaa  procaaaing  of  aoma 
paramatara  automatically.  The  obaarving  aubayatam  includaa  not 
only  tha  configurationa,  layout  and  axpoaura  of  tha  aanaing  alamanta 
thamaalvaa,  but  alao  tha  auxiliary  aquipmant  nacaaaary  for  praliminary  . 
procaaaing  at  tha  obaarving  aita  and  tha  procaduraa  uaad  in  converting 
raw  aignala  into  mataorological  information. 
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Proctaaini  -•  Thia  aubayatam  raealvaa  inataorological  date  tranamittad 
from  the  obaorving  aubayatam  and  altara  it  in  praparing  information  for 
tranamiaaion  to  tha  praaanting  aubayatam.  Procaaaing  may  includa 
amoothing,  aeraaning,  aummariaing,  and  analyaing  obaarvationa  aa  wall 
aa  praparing  foraeaata.  Soma  maaauramanta  ara  amoothad.  avaragad, 
and  converted  at  tha  obaarving  aita  and  tranamittad  diractly  to  tha  pra- 
aantetion  aubayatam. 

Praaanting  --  Thia  aubayatam  linka  tha  aviation  waathar  ayatem  with 
tha  oparational  uaara  by  providing  tha  waathar  ayatam  producta.  Uaually 
thaaa  producta  ara  praaantad  in  thair  original  form  aa  racaivad;  occaaion- 
ally  thay  ara  modifiad  by  combination,  integration,  and  into rp rotation  into 
a  "praaantetion  product"  which  can  ba  aaaily  aaaimilatad  by  tha  uaar. 

Communicating  --  Thia  aubayatam  tranaporta  information  from  ona 
geographical  location  to  anothar  batwaan  the  other  aubayatema.  What* 
aver  informational  arrora  ara  introduced  into  tha  ayatam  will  ba  trana- 
portad  without  correction,  ainca  communicating  linka  do  not  affect 
maaaaga  content.  In  practice,  an  oparational  communication  ayatam 
adda  arrora  of  ita  own  bacauaa  of  noiaa  and  an  occaaional  malfunction. 

Tha  ralationahipa  batwaan  tha  four  aubayatema  and  thair  contributiona 
to  the  total  ayatam  ara  ahown  in  Figure  26.  Aa  in  all  complex  ayatema,  tha 
over-all  performance  of  the  aviation  waathar  ayatam  can  ba  no  batter  than 
that  of  ita  component  parta.  Tha  moot  oophiaticatad  procaaaing  techniquen 
cannot  improve  on  information  obtained  from  tha  obaarving  aubayatam;  a  per¬ 
fect  forecaat  that  ia  garbled  in  the  communicating  aubayatam  or  offered  in 
unintelligible  form  by  tha  praaanting  aubayatam  wHl  ba  of  no  aaaiatenca  to 
the  ultimate  uaar  and  thua  fail  in  ita  purpoaa. 
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Figure  26.  Primary  Elemente  of  the  Aviation  Weather  Syitem 
1.  Obeerving  Subeyetera 

The  initial  source  of  information  for  the  entire  aviation  weather  system 
is  the  observing  subsystem.  It  observes  and  records  the  weather  conditions  and 
parameters  that  are  processed  into  the  analyses  and  forecasts  that  are  used  in 
aviation  operations.  All  observations  are  transmitted  by  the  communicating  sub¬ 
system  to  the  processing  subsystem;  some  are  also  transmitted  directly  to  the 
presenting  sxibsystem  for  immediate  use.  The  observations  made  are  customarily 
divided  into  four  categories: 

Surface  observations 
Upper  air  observations 
Radar  weather  observations 
Enroute  observations  (pilot  reports) 

In  addition  to  the  above,  numerous  observations  of  use  to  aviation 
meteorology,  but  not  obtained  primarily  for  aviation  operations,  are  available 
to  the  system;  for  example,  observations  from  ships  at  sea  and  from  foreign 
countries. 

a.  Surface  Observations 

Surface  observations  are  made  from  the  ground  by  human 
observers  and  by  means  of  instruments.  They  include  such  parameters  as 
surface  wind  speed  and  direction,  surface  visibility,  cloud  base  and  amount, 
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•urfae*  Unparatur*  and  daw  point,  atmoaphoric  praaaura,  praclpltation. 
and  thondaratorma.  Statlona  in  tha  aurfaca  obaarviag  natwork  ara  oparatad 
by  a  numbar  of  afaneiaa  and  organiaationa:  tha  U.  S.  Waathar  Buraau,  tha 
Fadaral  Aviation  Aganey.  airlina  and  airport  paraonnal  and  tha  military, 

Surfaca  obaarvationa  ara  obtainad  from: 

199  Waathar  Buraau  Airport  Statlona 
21  Automatic  Mataorological  Statlona 

19S  Fadaral  Aviation  Aganey  Statlona 
14  Joint  Waathar  Buraau  -  Fadaral  Aviation  Aganey  StatimM 

133  Supplamantary  Aviation  Waathar  Raporting  Statlona 
9  Joint  Waathar  Buraau*8upplomantary  Statlona 
36  Statlona  with  part>tima  Waathar  Buraau  amployaaa 
45  Navy  and  Marina  Corpa  Air  Statlona 

1 10  Air  Forca  Baaaa 

10  Waathar  Buraau  Statlona  not  at  airporta 

675  Total 

In  addition  to  tha  abova,  paraonnal  eartifiad  by  tha  Waathar 
Buraau  taka  obaarvationa  at  a  numbar  of  airporta  to  lagaliaa  landiaga  and  taka-offa 
of  commarcial  carriara:  thaaa  obaarvationa  ara  for  local  uaa  only  and  are  not 
tranamittad. 

Obaarvationa  ara  mada  hourly,  24  houra  a  day,  at  a  majority 
of  tha  atationa.  Tha  aupplamantary  and  part  tima  atationa  taka  obaarvationa  only 
during  houra  of  commarcial  carrier  oparationa.  Obaarvationa  ara  alao  taken 
whanavar  an  operationally  aignificant  change  in  waathar  occura. 

b.  Upper  Air  Obaarvationa 

Obaarvationa  by  radio  of  wind  direction  and  apaad,  praaaura, 
tamparatura,  and  humidity  at  varloua  altitudaa  ara  taken  every  twelve  houra  at 
65  inatallationa  oparatad  by  tha  Waathar  Buraau.  Two  Air  Forca  baaaa  alao  taka 
aimilar  obaarvationa  on  tha  name  achadula.  Tha  average  maximum  altitude 
attained  by  thaaa  obaarvatiotta  ia  around  60, 000  feat. 
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At  th«  iat«nnadl«te  tlx-hour  intervals,  aome  of  these 
stations  make  radio  wind  or  pilot  balloon  observationa.  At  79  other  locations 
pilot  balloon  measarementa  of  upper  wind  direction  and  speed  are  made  one 
or  more  times  a  day. 

c.  Radar  Weather  Observations 

Observations  by  radar  of  the  alae,  intensity,  development, 
and  speed  and  direction  of  movement  of  precipitation  areas  are  made  at  a 
number  of  observation  sites,  principally  in  the  eastern  two  thirds  of  the  U.  S. 
These  are  collected  over  special  teletype  circuits  (RAWARO)  at  Kansas  City 
and  an  hourly  summary  disseminated  over  Service  A. 

e 

The  Weather  Bureau  operates  24  long  range  and  67  medium 
range  radars  and  also  receives  reports  from  11  cooperative  radar  weather 
sites.  Most  military  air  bases  have  weather  radar  used  principally  for 
local  storm  warnings.  In  addition  the  Air  Force  operates  a  network  of  26 
long  range  weather  radars  furnishing  synoptic  weather  radar  information 
which  is  relayed  to  the  Weather  Bureau. 

d.  Enroute  Observations 

Observations  of  the  weather  in  the  areas  between  the  ground 
observing  sites  are  obtained  from  pilot  reports,  as  well  as  weather  radar. 
Pilots  flying  through  these  areas  are  able  to  observe  and  report  the  location 
and  altitude  of  cloud  bases,  tops,  layers;  wind  speed  and  direction  at  flight 
altitude;  free  air  temperature;  location,  type  and  intensity  of  icing  and  tur¬ 
bulence;  location,  orientation,  direction  of  movement  of  individual  weather 
systems  such  as  line  squalls. 
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Z,  Proofing  Subtyef  n> 


Tho  proceoing  aubsyatatn  racalvaa  tha  varioua  obaarvntiona  and 
from  them  producaa  analyaaa  of  praaant  conditiona  and  foracaata  of  futura 
conditlona.  Soma  of  thaaa  producta  ara  praaantad  to  oparational  uaara  and 
aome  ara  uaad  within  tha  procaaaing  aubayatam  itaalf.  Tha  procaaaing  aub* 
ayatam  oparatea  in  a  aariaa  of  atapa.  In  ganaral,  in  aach  auccaading  atep 
tha  gaographical  covaraga  of  tha  product  dacraaaaa,  tha  datail  incraaaaa. 
and  tha  period  of  validity  ahortana. 

a.  National  Mataorological  Cantar 

The  National  Meteorological  Center  ia  located  at  Suitland. 
Md.  Hera  obaervationa  of  all  kinda  ara  received  from  tha  entire  Northern 
Hemiaphere  and  proceaaad  into  large  acale  analyaea  and  foracaata,  aome 
140  producta  in  all.  Theae  producta  are  deaignad  for  all  catagoriea  of 
meteorology,  not  aviation  alone,  and  conaequently  the  terminology  and  unit! 
uaed  are  meteorological. 

b.  Guidance  Forecaat  Centera 

The  next  atep  in  the  proceaaing  aubayatem  ia  performed 
at  the  eight  guidance  forecaat  centera.  Using  the  baaic  analyaea  and  forecasts 
received  from  the  National  Center,  plus  additional  observations  plotted 
locally,  forecasts  covering  smaller  areas  are  produced  which  are  designed 
to  assist  meteorologists  in  producing  operational  forecasts. 

c.  Flight  Advisory  Weather  Service  Forecast  Centers 

The  bulk  cf  the  processing  is  carried  out  at  the  twenty-five 
Flight  Advisory  Weather  Service  Forecast  Centers  (FAWS).  The  United  States 
is  divided  into  twenty-five  areas  for  this  purpose  and  a  FAWS  forecast  center 
is  assigned  forecast  responsibility  for  each.  The  following  forecasts  are 
prepared  every  six  hours,  amended  as  necessary: 
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Twlv  hour  ttrmiMl  for>e»ttt  (FT-l)  arc  prepared  for 
a  total  of  350  termiaale.  The  weather  iteme  included  are 
heighte  and  amount  of  eky  cover,  vieibility,  weather  and 
obetructione  to  vieion,  aurfaco  wind  direction  and  apeed 
(if  more  than  10  knota)  and  ramarka. 

Twenty-four  hour  terminal  forecaete  (FT -2)  are  prepared 
for  a  total  of  113  terminala.  The  weather  elementa  are  the 
■ame  aa  for  the  twelve  hour  forecaete. 

Area  Forecaete  (FA)  are  prepared  by  each  center  for  their 
reepective  arena  of  reaponaibility.  They  contain  a  twelve 
hour  forecaat  of  amount  and  height  of  eky  cover,  location 
and  movement  of  weather -producing  fronta,  aurface 
viaibility.  atata  of  weather  and  obatructiona  to  viaion, 
aurface  winda,  araaa  of  icing  and  turbulence.  They  alao 
include  weather  outlook  for  the  aucceeding  twelve  hour  period. 

Upper  Wind  Analyeea  (AW)  are  prepared  for  142  locationa. 
Theae  are  twelve  hour  forecaata  of  wind  direction  and  apeed 
at  certain  apecified  levela.  Some  of  the  forecaata  include 
temperature. 

Regional  Synopaee  (FN)  are  prepared  at  five  FAWS  forecaat 
centera.  Theae  are  twenty-four  hour  forecaata  of  the  location, 
expected  movement  and  development  of  major  weather  featurea, 
and  arena  of  aignificant  weather. 

In-flight  Weather  Advleoriea  (FL)  are  prepared  at  each  FAWS 
forecaat  canter  in  order  to  give  airmen  in  flight  advance  notice 
of  impending  weather  developmenta  or  trenda  that  are  poten¬ 
tially  haaardoua.  There  are  two  categoriea,  the  "Slgmat" 
adviaory  for  conditiona  that  are  haaardoua  to  all  aircraft. 
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and  tha  "Adviaovias  for  amall  aircraft'*  for  conditioaa  that 

ara  haaardoua  to  light  aircraft  (laaa  than  12,  500  Iba.) 

d.  Waathar  Buraau  Airport  Stationa 

Tha  final  atapa  in  tha  procaaaing  ayatam  ara  parfortnad 
at  tha  Waathar  Buraau  Airport  Stationa.  Thaaa  atationa  may  mako  ahort 
period  changea  in  tha  foracaat  for  thair  terminal  (aa  racaived  from  tha 
raaponaibla  FAWS  foracaat  canter)  if  local  weather  conditiona  indicate  it  to 
be  necaaaary. 

a.  Other  Procaaaing  Cantara 

Foracaata  of  tha  occurranca  of  tornadoaa  and  aavara  thundar- 
atorma  are  prepared  by  tha  Savara  Local  Storm  Warning  Canter  at  Kanaaa 
City,  Mo.  The  Hurricane  Warning  Canter,  Miami.  Fla. ,  haa  the  raaponaibility 
of  preparing  foracaata  for  hurricanaa  and  tropical  atorma  for  tha  Atlantic  and 
Gulf  Coaata.  Tha  Hurricane  Warning  Canter,  San  Franciaco,  Calif.,  haa  a 
aimilar  raaponaibility  for  the  Pacific  Coaat. 

The  military  aarvicaa  maintain  foracaat  cantara  which  prepare 
foracaat  producta  in  aupport  of  their  raapactiva  oparationa.  Thaaa  producta 
ara  not  available  to  civilian  aviation. 

Terminal  and  area  foracaata  for  Canadian  airporta  ara  prepared 
by  tha  Canadian  Meteorological  Service  and  relayed  to  the  U.  S.  via  Service  A 
teletype  circuita. 

3.  Preaenting  Subayatem 

Meteorological  information  ia  delivered  to  the  ultimate  uaer  by 
meana  of  the  preaenting  aubayatem.  There  are  two  categoriea  of  operational 
uaera;  aviation  operationa  and  the  air  traffic  control  ayatem.  Information  ia 
preaented  in  two  modea;  viaual  and  aural.  Viaual  material  conaiata  of:  (a)  printed 
aequencea  of  weather  obaervationa,  foracaata  and  adviaoriea  and  pilot  report  and 
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radar  ■ummariea,  received  via  teletype,  (b)  handwritten  copy  of  local  observa- 
tiona  received  via  tel-autograph  (c)  chart  portrayals  of  weather  analyses, 
summaries  and  fixed  time  forecasts  received  via  facsimile. 

Aural  material  consists  of  terminal  observations,  terminal  and 
area  forecasts,  pilot  report  summaries,  in-flight  advisories  delivered  via 

(a)  continuous  or  scheduled  broadcasts  delivered  over  FAA  radio  facilities 

(b)  automatic  telephone  transcriptions  (c)  personal  telephone  conversations 

and  (d)  person-to-person  briefings,  usually  in  conjunction  with  visual  materials. 

a.  Presentation  to  Aviation  Operations 

Weather  information  is  presented  to  aviation  personnel  at  four 
types  of  locations; 

Flight  Service  Stations  (340)  and  Combined  Station/ Towers  (72) 
Weather  Bureau  Stations  (260)  and  Military  Air  Bases  (190) 
Ground  Remote  Areas 
In  Aircraft 

The  numbers  given  above  are  reasonably  accurate  but  may  be 
slightly  different  at  any  given  time  due  to  decommissioning  and  commissioning 
of  stations. 

(1)  Flight  Service  Stations 

Personal  briefings  at  Flight  Service  Stations  are  usually 
aural  assisted  by  the  weather  information  received  over  the  Service  A  teletype 
circuit.  This  consists  of; 

Terminal  weather  observations  from  the  local  circuit 
plus  selected  observations  from  other  circuits. 

Individual  pilot  reports  and  pilot  report  summaries. 

Radar  weather  summaries. 

12  hour  terminal  weather  forecasts  for  selected  terminals 
to  a  distance  of  several  hundred  miles. 
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12  hour  arou  foroeaati  for  tho  local  and  aavaral 
adjacent  areas,  plus  an  outlook  for  the  succeeding  twelve 
houre. 

In-flight  advisories  when  in  effect. 

Forecast  of  hurricanes  and  severe  local  storms  when 
occurring. 

Other  visual  information  available  consists  of  direct  reading 
dials  of  altimeter  setting  and  wind  speed  and  direction. 

In  telephone  briefings,  the  Fiight  Service  Station  personnel 
will  read  from  the  Service  A  material  those  pieces  of  information  requested 
by  the  pilot,  as  well  as  any  other  material  considered  pertinent  to  the  particular 
flight  in  question. 

The  Federal  Aviation  Agency  maintains  direct,  no  expense 
telephones  from  66  airports  with  no  weather  briefing  facilities  to  the  nearest 
Flight  Service  Station  for  the  purpose  of  filing  flight  plans  and  obtaining 
weather  information.  The  Agency  also  maintains  50  "Foreign  Exchange" 
telephones,  whereby  a  pilot  may  dial  a  number  in  his  own  city  and  be  connected 
with  the  nearest  Flight  Service  Station  for  the  same  purpose.  Pilots  in  the  air 
may  also  receive  weather  information  by  radio  on  request  from  Flight  Service 
Stations . 

The  Combined  Station/Towers  are  able  to  furnish  pilots 
only  the  local  weather  conditions  at  their  particular  terminal  via  telephone  or 
radio. 

(2)  Weather  Bureau  Stations  and  Military  Air  Bases 

Weather  Bureau  Stations  as  well  as  Na^  and  Marine 
Corps  Air  Stations  receive  the  same  Service  A  material  as  the  Flight  Service 
Stations.  They  also  receive  information  over  the  Service  C  teletype  (which 
is  primarily  non-operational  in  character)  and  in  some  cases  overseas  and 
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foreign  wMthor  inftfmiation  on  tho  Sorvieo  O  toUtypo.  Tho  aviation  woathar 
information  vrttieh  they  raeaiva,  which  la  not  avallahia  to  flight  •orvlca  atationa, 
conaista  of: 

24  hour  terminal  foraeaeta  for  a  limited  aalaetion  of 
tarminala. 

One  or  more  of  the  five  regional  aynopaaa.  which  are 
apacifically  daaignad  for  the  anrouta  portion  of  long  haul 
tranaport  flighta. 

Air  Force  Baaaa  receive  aimilar  information  via  the 
Air  Force  operational  teletype  circuit,  which  ia  aimilar  to  Service  A.  and  the 
Air  Force  Synoptic  teletype  circuit,  which  ia  aimilar  to  Service  C  and  O. 

In  addition  to  the  above  printed  material,  all  military 
and  moat  Weather  Bureau  atationa  receive  graphic  material  via  facaimile. 

The  charta  conaiat  of  aummariea,  analyaea  and  fixed  time  forecaat  of  varioua 
meteorologicai  parametera.  Theae  charta  are  deaigned  for  uae  by  meteorologiata 
and  the  nmterial  on  them  requirea  conaiderabla  interpretation  by  a  meteorologiat 
before  it  can  be  applied  to  aviation  operationa. 

Preaentation  at  theae  atationa  ia  aimilar  to  that  at 
Flight  Service  Stationa  except  that,  in  addition  to  having  graphic  material 
to  aaaiat,  the  briefing  ia  uaually  done  by  a  trained  meteorologiat  who  ia  qualified 
to  interpret  and  elaborate  on  the  baaic  information  receivad  from  the  proceaaing 
aubayatem. 

No>expenaa  and  foreign  exchange  type  telephone  aervice 
ia  not  provided  into  Weather  Bureau  Stationa.  However,  at  aome  30  of  them, 
a  12  hour  forecaat  of  aignificant  weather  conditiona  within  a  250  mile  radiua  ia 
routinely  prepared  and  put  on  tape.  By  dialing  the  unliated  number  of  the 
atation  (unliated  in  order  to  avoid  awamping  the  eyatem  with  calla  from  the 
non -flying  public)  the  forecaet  ia  played  back  by  an  automatic  anawering  device. 


.  182  . 


Expartmratel  cloMd>loop  teUvition  it  intUUed  at 
tht  Wtathtr  Burtau  Sutloat  at  Idlawild,  N.  Y. ,  and  Miami,  Fla. ,  batwaan 
tba  foracaat  offica  and  tha  pilot's  pra-flight  araa.  This  ayttam  provldat 
a  paraon-to-paraon,  combinad  visual  and  aural  briafing  without  tha  nacaaalty 
of  tha  pilot  visiting  tha  waathar  offica. 

(3)  Ground  Ramota  Araaa 

Ground  ramota  araaa  aro  dafinad  as  those  locations 
where  pilots  do  not  have  phyaical  accaaa  to  a  weather  briefing  facility,  such  aa 
small  airports,  tha  pilot's  home  or  offica,  etc.  All  presentation  is  by  means 
of  radio  or  telephone. 

Telephone  briefings  nnay  be  obtained  from  the  nearest 
Flight  Service  Station  or  Weather  Bureau  Airport  Station.  In  the  event  that 
neither  the  no>expenae  interphone,  foreign  exchange  telephone  nor  automatic 
telephone  weather  answering  service  is  available,  regular  telephone  channels 
must  be  used,  usually  necessitating  a  toll  call. 

A  continuous  transcribed  aviation  weather  broadcast 
is  currently  being  prepared  by  Weather  Bureau  units  and  broadcast  from  56 
FAA  lowmedium  frequency  navigational  facilities.  The  content  is  the  same 
as  the  automatic  telephone  weather  forecast  with  the  addition  of  significant 
pilot  reports,  in-flight  advisories  and  the  local  and  nearby  terminal  weather 
observations. 

Scheduled  weather  broadcasts  are  made  from  all 
airway  communication  stations  having  voice  facilities,  over  continuously 
operated  radio  ranges  or  radio  beacons.  At  15  minutes  past  each  hour, 
an  area  type  broadcast  is  made,  consisting  of  terminal  weather  observations 
from  selected  terminals  within  150  miles.  At  45  minutes  past  the  hour  a 
route  type  broadcast  is  made  consisting  of  weather  observations  from  selected 
terminals  along  airways  within  400  miles.  Effective  in-flight  advisories  are 
included  in  both  broadcasts. 
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(4)  Pilof  tn  Aircraft 


Preaentation  of  weathor  information  to  pllota  in 
aircraft  ia  accomplished  by  means  of  radio,  either  two-way  voice  or  broad¬ 
cast.  Five  methods  are  commonly  employed  and  a  sixth  is  being  tried  out 
experimentally  at  two  locations.  The  methods  are: 

Flight  Service  Station  Radio  is  available  to  aircraft 
having  standard  two-way  radio  equipment.  Weather  briefings 
are  similar  to  those  obtained  by  telephone.  The  pilot  may  use 
either  the  navigational  aid  frequency  or  a  voice  communication 
frequency. 

Air  Route  Traffic  Control  Center  Radio  is  also  available 
to  aircraft  having  standard  two-way  radio  equipment.  Weather 
information  is  tmnsmitted  from  centers  only  when  the  controller 
workload  permits  and  is  limited  in  scope.  Since  the  trans¬ 
mission  of  weather  information  is  only  a  secondary  responsibility 
of  centers,  requests  for  weather  information  are  not  encouraged 

Control  Tower  Radio  is  available  to  aircraft  with  standard 
two-way  radio  equipment.  Only  local  terminal  weather  conditions 
are  available  from  towers. 

Continuous  Transcribed  Weather  Broadcasts  are  available 
to  aircraft  having  L/MF  receivers.  These  are  the  same  broad¬ 
casts  described  under  ground  remote  areas. 

Scheduled  Weather  Broadcasts  are  available  to  aircraft 
having  the  necessary  receiver.  They  were  also  described  under 
ground  remote  areas. 

Pilot-to-Forecaster  Service  provides  a  direct  link  via 
radio  on  122.6  me  between  airborne  pilots  and  weather  forecaster 
personnel.  This  is  an  experimental  service  currently  in  operation 
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only  «t  Kanina  City,  Mo. ,  and  Waahington.  D.  C.  Tha 
military  weather  aervicei  provide  a  limilar  lervice  from 
about  100  location!  in  the  U.  S. ,  uiing  UHF  Channel  13. 

Some  commercial  carriera  provide  thia  aervice  to  their 
pilot!  employing  company  frequenciea. 

b.  Preaentation  to  the  Air  Traffic  Control  Syatem 

Weather  information  ia  preaented  to  the  peraonnel  of  the  air 
traffic  control  ayatem  at  four  typea  of  location!; 

Airport  Traffic  Control  Towera 

Air  Route  Traffic  Control  Centera 

Radar  Approach  Control  Centera 

Flight  Service  Stationa,  already  diacuaaed  above 

(1)  Airport  Traffic  Control  Towera 

Towera  receive  the  local  terminal  weather  obaervation 
in  handwritten  copy  via  tel -autograph  from  the  local  weather  obaerving  activity. 
They  alao  receive  wind  apeed  and  direction  and  altimeter  aetting  via  direct- 
reading  diala.  Some  towera  are  provided  with  direct  readout!  of  ceiling, 
tenperature  and  runway  viaual  range.  If  a  Weather  Bureau  Airport  Station 
ia  in  the  vicinity,  a  comprehenaive  weather  briefing  may  be  obtained,  either 
in  peraon  or  by  telephone. 

(2)  Air  Route  Traffic  Control  Centera 

Moat  centera  have  a  drop  on  the  Service  A  teletype  and 
receive  the  aame  weather  information  aa  waa  deacribed  under  Flight  Service 
Stationa,  i.  e. ,  terminal  obaervationa  and  forecaata,  area  forecaata,  upper 
wind  and  temperature  forecaata,  in-flight  adviaoriea,  etc.  Thia  material  ia 
uaually  poated  in  the  vicinity  of  the  watch  auperviaor'a  poaition. 

All  center  controller  poaltiona  are  equipped  with  either 
direct  telephone  linea  or  intercom  connection!  to  Weather  Bureau  Officea,  for 
the  purpoae  of  receiving  weather  briefinga  or  relaying  pilot  reporta. 
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(3)  lUd»>  Approach  Control  y 

TIms*  caatars  raeahra  waathar  laformation  ol  tha  aama 
typa  and  via  tha  aama  mathoda  aa  tha  air  routa  trafiie  control  cantart. 
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4.  Communicating  SubtyUm 

The  communicating  subeyetem  traneporti  weather  information 
between  the  obeerving,  procoesing  and  preeenting  eubeyetema  to  the  opera¬ 
tional  ueers.  Five  itandard  methode  are  ueed: 

Teletypewriter 
Faceimile 
Radio 
Telephone 
Television 
a.  Teletypewriter 

The  primary  means  of  collecting  and  disseminating  weather 
information  is  by  teletypewriter  circuits,  which  provide  an  economical  means 
of  handling  a  large  bulk  of  information.  Teletype  circuits  are  maintained  by 
the  FAA,  the  Weather  Bureau  and  the  Air  Force. 

The  circuits  operated  by  the  FAA  are: 

Service  A  for  the  collection  and  distribution  of  observations 
and  forecasts  to  operational  users.  It  consists  of  15  area  cir¬ 
cuits,  14  supplementary  circuits,  and  a  variable  number  of  local 
circuits.  The  area  circuits  meet  the  requirements  of  the 
majority  of  users.  The  supplementary  circuits  provide  addi¬ 
tional  information  to  satisfy  the  needs  of  particular  users.  The 
local  circuits  are  used  to  furnish  individual  FAWS  forecast 
centers  additional  information,  not  available  on  the  area  and 
supplementary  circuits  at  their  particular  location.  High 
speed  (1000  wpm)  equipment  is  used  to  transfer  information 
from  area  to  area  for  inter-area  distribution.  The  low  speed 
(100  wpm)  is  used  for  area  collection  and  dissemination  of 
information.  There  are  about  2400  drops  of  all  kinds  on  Service 
A. 
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Stv1c«  B  which  it  the  FAA  operational  circuit  whoae 
primary  purpoia  ia  for  air  traffic  control.  However,  it  ia 
uaed  for  the  collection  of  pilot  reporta  and  their  delivery 
to  the  FAWS  forecaat  centera  and  thua  aervea  the  aviation 
weather  ayatem  alao. 

Service  C  for  the  collection  and  diatribution  of  meteoro¬ 
logical  obaervationa.  analyaea  and  forecaata  to  meteorological 
uaera.  It  conaiata  of  alx  area  circuita.  operating  at  a  apeed 
of  100  wpm.  There  are  approximately  450  dropa  on  Service  C. 

Service  Ofor  the  collection  and  diatribution  of  overaeaa 
obaervationa  and  forecaata  to  operational  and  meteorological 
uaera.  It  ia  compoaed  of  five  circuita.  operating  at  a  apeed 
of  100  wpm.  There  are  approximately  90  dropa  on  Service  O. 

The  circuita  operated  by  the  Weather  Bureau  are; 

Radar  Warning  Circuit  (RAWARC)  for  the  exchange  of 
radar  weather  reperta  and  the  diatribution  of  aevere  local 
atorm  and  tornado  warninga.  It  conaiata  of  three  circuita 
with  a  total  of  146  dropa.  each  circuit  terminating  at  Kanaaa 
City. 

Hurricane  Warning  Circuita  for  the  collection  of  apecial 
weather  reporta  and  the  diatribution  of  hurricane  and 
tropical  atorm  warninga  and  adviaoriea.  Thia  circuit  ia 
in  operation  only  during  the  Atlantic  and  Gulf  Coaat  hurri¬ 
cane  aeaaon. 

Local  Circuita  for  the  exchange  of  apecial  weather 
information  between  Weather  Bureau.  FAA.  airlinea,  local 
officiala.  utllitiea,  etc.,  in  metropolitan  area  a. 
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The  circuits  operated  by  the  Air  Force  are; 


USAF  Operational  Weather  Teletype  Network  which  is 
similar  to  Service  A. 

USAF  Synoptic  Weather  Teletype  Network  which  is 
similar  to  Service  C. 

Inter-area  Weather  Teletype  Circuits 

Air  Defense  Command  Division  Weather  Networks 

b.  Facsimile 

Facsimile  circuits,  operated  by  the  Weather  Bureau  and  Air 
Force,  are  used  to  disseminate  weather  information  in  graphical  form  to 
users  and  exchange  such  information  between  forecast  centers.  The  information 
consists  of  analyses,  summaries  and  fixed  time  forecasts  in  chart  form. 

The  circuits  operated  by  the  Weather  Bureau  are: 

The  National  Weather  Facsimile  Circuit  transmits 
primarily  from  the  National  Meteorological  Center  at  Suitland, 
Md.  Over  100  maps  per  day  are  transmitted  at  the  rate  of 
about  10  minutes  per  map,  depending  upon  the  size.  The  cir¬ 
cuit  operates  at  the  rate  of  120  scans  per  minute.  There  are 
approximately  200  drops  in  Weather  Bureau  offices.  300  in 
military  offices  and  150  in  private  offices. 

The  High  Altitude  Facsimile  Circuit  exists  primarily  for 
the  purpose  of  exchanging  high  altitude  (above  25,  000  feet) 
weather  information  between  the  seven  Weather  Bureau  High 
Altitude  Forecast  Centers.  It  operates  at  a  rate  of  120  scans 
per  minute  and  has  about  40  drops. 

The  Air  Force  operates  several  facsimile  circuits  in  the  conti¬ 
nental  United  States  for  the  purpose  of  disseminating  information  in  support  of 
Air  Force  operations. 
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c.  Radio 

Radio  froquaney  Uaka  ara  uaad  primarily  for  tha  comnranicatiag 
of  motaor<dogieal  iaformatioa  to  airboma  pilota  by  ground  atationa.  Two 
mathoda  ara  uaad,  aach  for  a  apocific  purpoaa;  thay  ara: 

Broadcaat  -  for  tha  provlaion  of  routina  waathar  information 
to  all  airboma  pilota  within  rocaiving  range.  Only  a  receiver 
ie  required  in  tha  aircraft  for  thie  purpoaa. 

Air«ground  -  for  tha  non»routine  proviaion  of  weather  information 
to  a  particular  airborne  pilot.  Thie  requiree  atandard  two-way 
radio  in  tha  aircraft. 

Broadcaata  ara  of  two  typaa,  continuoua  and  acheduled . 

a.  A  continuoua  tranacribad  aviation  waathar  broadcaat 

ia  currently  being  iaeuad  from  56  FAA  low-medium 
fraquancy  air  navigational  facilitiae.  A  total  of  87 
euch  broadcaata  ia  planned  which  will  cover  almoet 
the  entire  U.  S. 

b.  Scheduled  weather  broadcaata  are  made  from  all  air¬ 

way  communication  etatione  having  voice  facilitiea, 
over  continuouely  operated  radio  rangaa  or  radio 
baacona.  Thay  are  imde  at  15  and  45  minutea 
paat  each  hour. 

Air-ground  communication  with  airborne  pilota  ia 
accompliahed  through  the  following  ground  facilitiea: 

a.  Flight  Service  Station  Radio 

b.  Air  Route  Traffic  Control  Canter  Radio 

c.  Airport  Traffic  Control  Tower  Radio 

d.  Pilot-to-forecaater  Service  (two  experimental 
unite  at  preaant) 
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d.  Telephone 

Telephone  links  ere  used  routinely  in  the  aviation  weather 
service  only  for  the  purpose  of  pilot  briefing  by  Weather  Bureau  or  Flight 
Service  Station  personnel.  However,  extensive  use  of  telephone  links  is  made 
for  the  non-routine  exchange  of  information  between  weather  service  per¬ 
sonnel,  operations  personnel,  air  traffic  control  personnel  and  others. 

In  addition  to  the  normal  telephone  channels,  a  number  of 
special  facilities  are  provided.  The  FAA  maintains  no-expense  interphone  from 
66  outlying  airports  to  the  nearest  Flight  Service  Station,  and  foreign  exchange 
telephone  service  in  SO  communities  without  weather  service.  The  Weather 
Bureau  provides  automatic  telephone  weather  answering  service  at  about  30 
locations.  Local,  a  round -the -field,  interphone  is  available  at  many  locations. 

e.  Television 

Closed  circuit  television  between  the  weather  office  and  the 
pilot  pre-flight  areas  is  widely  used  at  military  air  bases  for  pilot  briefing 
purposes.  This  system  permits  a  person-to-person  briefing,  using  visual 
materials  as  an  aid.  The  Weather  Bureau  has  installed  this  system  at  Idlewild, 
N.Y.,  and  Miami,  Fla.,  on  an  experimettal  basis. 


5.  R«i«»rch  and  Dwlopmtnt 

Both  aganeia*.  tha  Waathar  Buraau  and  Fadaral  Aviation  Aganey, 
aupport  raaaareh  and  davalopmant  programa  aimad  at  improving  varioua 
parta  of  tha  aviation  waathar  aarvica  as  wall  aa  tha  sarviea  as  a  whola.  In 
addition,  tha  military,  tha  National  Scianca  Foundation  and  tha  National 
Aeronautics  and  Space  Administration  support  broad  research  programs, 
the  results  of  which  may  ultimately  ba  of  benefit  to  tha  aviation  waathar 
service. 


-  192  - 


6.  Adminlitrattve  Diraction  and  Support 

In  addition  to  tho  operating  personnel,  maintenance  personnel 
and  equipment,  the  Weather  Bureau  and  the  Federal  Aviation  Agency  provide 
administrative  direction  and  support  for  the  various  subsystems  and  the 
aviation  weather  service  as  a  whole. 


c. 


ESTIMATED  COSTS  TO  THE  PARTICIPATING  AGENCIES 


The  1962  fieeal  year  budget  figurea  have  been  ueed  aa  the  baaia  for 
eatimating  the  coata  of  the  aviation  weather  aervice  to  the  participating  agenciea. 
Theae  figurea  have  been  rearranged  under  the  aub-headlnga  of  the  preceding 
aection.  i.e.,  obaerving,  aubayatera.  proceaaing  aubayatem,  preaenting  aub> 
ayatem,  communicatiag  aubayatem,  reaearch  and  development,  and  adminia- 
trative  direction  and  aupport. 

Where  two  or  more  functiona  were  lumped  together  or  a  given  budget 
figure  ia  for  the  aupport  of  a  multi*purpoae  activity,  e.g. .  upper  air  obaerva- 
tiona,  which  are  uaed  by  all  categoriea  of  meteorology  Including  aviation, 
proportionate  allocationa  have  been  made.  The  baaia  for  each  auch  allocation 
ia  diacuaaed  in  the  following  aectiona. 

1.  The  Federal  Aviation  Agency 

The  Federal  Aviation  Agency  providea  aupport  to  the  aviation  weather 
aervice  in  five  of  the  aix  categoriea,  all  except  proceaaing.  The  coat  eatimatea 
are  preaented  by  aubayatema  and  itema  within  aubayatema  in  the  following  table. 
All  itema  except  two  are  eelf -explanatory. 

The  firat  of  theae  ie  the  eatimated  coat  of  replacement  of  equipment, 
item  g,  under  the  communicating  aubayatem.  An  annual  rate  of  replacement 
equal  to  10%  of  the  capital  inveetment  in  equipment  haa  been  aaaumed  here.  The 
FAA'a  total  capital  inveetment  in  equipment  uaed  in  weather  communicationa  ia 
$21.  002,  560,  which  yielda  an  annual  replacement  coat  of  $2,  100,  256. 

The  aecond  of  theae  itema  ia  the  eatimated  coat  of  adminiatrative 
direction  and  aupport.  Thia  item  waa  not  included  in  the  coat  figurea  made 
available  by  the  Agency.  Aa  a  baaia  for  an  eatimate,  the  ratio  of  the  Weather 
Bureau  figurea  for  program  management  and  adminiatrative  direction  and 
aupport  to  the  remainder  of  the  budget  waa  calculated  and  found  to  be  10%. 
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Applying  thia  pareantaga  to  tha  aatimatad  eoata  to  tha  PAA  of  all 
othar  itama,  ona  gata  an  aatimatad  coat  of  $2, 476,  504  for  adminlstrativo 
direction  and  aupport. 
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S7.  Ped«r«.l  Aviation  Agoncy 


197  - 


Pilot  Briefing  1,  500. 000  pilot  briefings  esti-  Estimated  2  minutes  27  216, 000 

mated  for  fiscal  year  1962  per  briefing  — — — 

Average  salary  plus 
fringe  costs  $8,  000 

Sub-ToUl  $4.  320.  000 


Table  57.  Federal  Aviation  Agency  (Cont'd. ) 
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Item  I  Description  I  Basis  of  Cost  Estimate 


equipment  must  be  replaced  rate  is  10%  per  year, 

annually  due  to  wear  and  obsoles-  Present  value  of  capital 
cence  investment  in  equipment 

is  $21.  002.  560 


Table  57.  Federal  Aviation  Agency  (Cont'd. ) 


2. 


Th«  U.  S.  Weather  Bureau 


The  U.  S.  Weather  Bureau  provide!  support  to  the  aviation  weather 
service  in  all  six  categories.  The  cost  estimates  by  subsystem  are  presented 

in  the  following  table. 

All  Weather  Bureau  items  listed  are  multi-purpose,  i.  e. ,  aviation 
weather  support  is  only  one  of  several  functions  performed.  For  example, 
a  typical  Weather  Bureau  Airport  Station  performs  a  variety  of  duties,  in 
addition  to  aviation  support,  which  may  include  some  or  all  of  the  following: 

1.  General  local  public  forecasting 

2.  General  local  public  information 

3.  River  forecasting  and  information 

4.  Agricultural  forecasting  and  information 

5.  Local  climatological  information 

6.  State /municipal  liaison 

7.  Fire  weather  forecasting  and  information 

Similarly,  weather  observations  of  all  types  are  used  in  a  number  of  meteorological 
fields  in  addition  to  aviation. 

Although  the  Weather  Bureau  provides  weather  support  to  numerous 
activities,  aviation  is  without  a  doubt  the  biggest  user  of  weather  information. 

Baaed  on  conversations  with  Weather  Bureau  officials,  airline  meteorologists, 
and  personal  experience,  it  is  estimated  that  50%  of  the  Bureau's  effort  in  the 
categories  listed  is  devoted  to  the  support  of  the  aviation  weather  service,  giving 
a  total  amount  of  $27,864,630. 

Various  estimates  of  the  percentage  of  the  Bureau's  total  budget 

devoted  to  aviation  have  been  made  in  recent  years,  the  latest  one  available 

being  37%.  As  a  check  on  the  preceding  estimate,  we  will  apply  this  to  the 

total  fiscal  1962  budget  and  obtain  the  following: 

Weather  Bureau  1962  Budget 

Operations  $56,  250,  000 

Research  V  Development  9,  000,  000 

Equipment  5,  250,  000 

i70,  500,  000  37%  of  Total  $26,  085,  000 


Totel 
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Thla  flgur*  is  in  rsnsonabU  agrnsmant  with  ths  prscnding  calculation. 

Tha  only  itam  apacilically  labalad  for  aviation  support  is  tha  $S73, 000 
for  rasaarch  to  improva  tha  aviation  waathar  sarvicaa,  out  of  a  total  R  li  D 
budgst  of  $9, 000. 000.  Although  tha  aviation  waathar  sarvica  will  ulUnnataly 
dariva  soma  banafit  from  tha  othar  programs,  no  attampt  has  baan  mada  to 
estimats  a  proportionata  coot  figura  to  ba  aosasoad  to  aviation  support. 
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Table  58.  U.  S.  Weather  Bureau  Expeadituree  (Ccmt'd. ) 
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Table  58.  U.  S.  Weather  Bureau  Expenditures,  (Cont'd. ) 


arbitrarily  pro-rated  in  the  ratio 
of  positions  managed.  60%  to  Pro¬ 
cessing,  40%  to  Presentation.  | 


Table  58.  U.S.  Weather  Bureau  Expenditure*  (Cont'd.) 


3. 


Th«  UiliUry  S«rvic»t 

Th«  Navy  and  Air  Force  provide  appreciable  eupport  to  the 
aviation  weather  aervice.  This  was  described  in  the  preceding  section  but 
will  be  briefly  summarised  here  for  completeness. 

Hourly  surface  observations  from  Naval  and  Marine  Corps 
Air  Stations  and  Air  Force  Bases  are  available  on  the  Service  A 
Teletype  Network 

Aerial  weather  reconnaissance  observations  and  pilots  reports 
from  military  aircraft  are  relayed  to  the  service. 

Radar  weather  observations  from  military  air  bases  are  available 
Surface  and  upper  air  observations  from  Naval  vessels  at  sea  are 
transmitted  to  civil  users. 

Routine  upper  air  observations  from  two  Air  Force  Bases  and 
non-scheduled  upper  air  observations  from  a  number  of  military 
bases  are  placed  on  Service  C  teletype  for  civil  use 
Numerous  weather  reports  from  Air  Force  Bases  are  collected 
by  the  Air  Force  teletype  system  and  relayed  to  the  civil  circuits. 
Naval  communications  are  utilised  in  collecting  observations 
from  ships  at  sea  and  outlying  stations. 

Results  from  the  many  research  and  development  programs  spon¬ 
sored  and  conducted  by  the  military  services  are  utilised  by  the 
aviation  weather  service. 

All  the  activities  listed  above  are  performed  by  the  military  services 
solely  in  support  of  military  operations.  The  considerable  benefits  derived  by 
civil  users  are  incidental  to  the  primary  missions  which  they  support.  Accord¬ 
ingly,  no  costs  for  these  primarily  military  services  have  been  allocated  to  the 
aviation  weather  service. 
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Th«  total  military  axpandituroi  on  all  waathor  ■arvicaa 
including  aviation  ara  liatad  balow: 


TOTAL  ESTIMATED  EXPENDITURES,  FY'62 


III^PRPfH^IIIIII 

Ooa  ration! 

R  li  D 

Totel 

Army 

$  1,040,000 

$7,  140,  000 

$  8,  180,  000 

Navy 

25,  240,  000 

3,  140,  000 

28, 380,  000 

Air  Forca 

73,  330,  000 

8,  700,  000 

82,  030,  000 

Table  59.  Participation,  Financial  and  Operational,  by  Agenciea 
in  Preaent  Aviation  Weather  Service! 


Function 

Weather 

Bureau 

Federal 

Aviation 

Agency 

U.  S.  Navy 

U.S.  Air 
Force 

U.  S.  Army 

Observing 

Subsystem 

Yes 

$14,951,000 

Yes 

$  840, 000 

*Yes 

•  Yes 

♦Yes 

Processing 

Subsystem 

Yes 

$  6,040,308 

No 

No 

No 

No 

Presenting 

Subsystem 

Yes 

$  2,890,472 

Yes 

$4,  320,  000 

No 

No 

No 

Communicating 

Subsystem 

Yes 

$  1,663,750 

Yes 

$13,  625,  042 

♦Yes 

♦Yes 

No 

Research  and 
Development 

Yes 

$  473, 000 

Yes 

$6, 100,000 

♦Yes 

♦Yes 

♦Yes 

Administrative 
Direction  and 
Support 

Yes 

$  1,746,000 

Yes 

$2, 488, 504 

♦Yes 

♦  Yes 

♦Yes 

ToUl 

$27,864,  630 

$27, 373, 546 

None 

Allocated 

None 

Allocated 

None 

Allocated 

Grand  Total 

$55,  238,  176 

*No  coat  to  civil  aviation  weather  service;  function  performed  as  part  of 
military  mission. 
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PART  III 


COST -BENEFIT  ANALYSIS 

A.  ESTIMATED  COST  OF  IMPLEMENTATION  OF  THE  COMMON 
AVIATIC^  WEATHER  SYSTEM 

1,  General  Consideration! 

2,  Coat  Summary 

3,  Costs  by  Subsystems 

a.  Presentation 

b.  Processing 

c.  Observing 

d.  Communications 

B.  ESTIMAT  ED  DOLLAR  BENEFITS 

1 .  General  Aviation 

a.  Accidents 

b.  Delays 

2.  Air  Carriers 

a.  Cancellations 

b.  Delays 

d.  Alternate  Fuel,  Contingency,  Pilot's  Contingency 

3.  ATC  System  and  User  Delays 

C.  NET  BENEFIT  ANALYSIS 

1.  General  Considerations 

2.  Present  Value  of  Capital  Investments 

3.  Present  Value  of  Net  Benefits 

4.  Intangible  Benefits 
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A.  ESTIMATED  COSTS  OF  IMPLEMENTATION  OF  THE  COMMON 

AVIATION  WEATHER  SYSTEM 

1.  Gan«r»l  Comidratloni 

In  eatinnnting  the  coata  of  implementing  the  CAWS,  the  phaaing 
achedule  contained  in  Report  No.  2,  Common  Aviation  Weather  Syatem 
Development  Program,  waa  uaed  aa  a  baaia  for  calculating  coata  by  years. 

The  achedule  ia  reproduced  here  aa  Figure  27. 

Inatrument  coata.  communication  coata  and  ataffing  figures  were 
obtained  from  FAA  and  Weather  Bureau  reports  and  the  Bureau  of  the  Budget 
Report  "Survey  of  Federal  Meteorological  Activities,  March  1962". 

Computer  costs  for  the  various  levels  of  processing  were  obtain* 
ed  from  estimates  prepared  by  the  Travelers  Research  Center. 

2.  Summary 

A  summary  of  estimated  costs  by  years  by  subsystems  broken 
down  into  capital  expenditures  and  annual  recurring  costs  is  given  in  Table  60. 
It  can  be  seen  that  the  major  capital  costs  are  programmed  for  the  years 
1965-1967;  the  annual  operating  costs  increase  progressively,  reaching  a 
constant  level  by  1970. 

To  permit  a  direct  comparison  of  costs  and  benefita,  the  final 
estimates  of  annual  costs  of  operation  and  maintenance  of  the  system  have 
been  increased  at  an  annual  rate  of  2-1/2%,  since  these  costs  are  primarily 
salaries.  This  follows  the  same  line  of  reasoning  used  in  increasing  the 
estimates  of  passenger  salaries  by  the  annual  amount  in  estimating  potential 
benefits^. 
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See  pga.  24, 
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FIGURE  er.  CAWS  IMPLEMENTATION  PLAN 
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3.  Cotti  by  Sttbtytain 
a.  Pr«a«BUtioB 

(1)  Pilot -to«ForecB«tar  (15) 

WaBhiBgtOB  experlRMBtal  uBit  usad  aa  a  baais. 

EqulpmaBt  $  38,  770 

Salarlaa  $102,000 

Oparationa  and  $  14, 600 

MaiBtananca 

Tha  praliminary  daaign  calla  for  a  total  of  100  pilot- 
to-foracaatar  inataliationa  to  covar  tha  Unitad  Stataa.  In  addition  to  tha  two 
axiating  and  thraa  programtnad  civil  unita,  tha  military  oparataa  over  100 
pilot-to*foracaatar  unita. 

Aaauming  that  thaaa  military  unita  will  bacoma  part  of 
tha  CAWS,  it  ia  aatimatad  that  an  additional  15  unita  win  ba  requirad  to  provida 
adequate  coverage  ainca  tha  military  unita  wara  aatabliahad  to  aarve  particular 
baaaa  rathar  than  to  provida  a  nationwide  coverage. 

(2)  L/MF  Continuoua  Weather  Broadcaat  (20) 

Equipment  $  8, 380 

FAA  eatimatea  2. 8  $  8, 000 

man  yaara  par 
atation  CS>9  baaa 
timaa  1.24  for 
fringe  banefita 

Salariaa  2. 8  x  $  22, 400 

$8, 000 

Operation  and  $  3,  376 

Maintenance  0.4 
man  yaara  par 
atationa 
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(3) 


Autowttc  (635) 


Equipment  •■timatad  $10,000 
at 

Salariea,  3  man  yra.  $25,  000 

Oparationa  and  $  4,  000 

Maintananca  at 
40%  10,000  X  .40 

(4)  Pilot  Briafing  Station! 

(a)  Terminal  Statua  Map  (150  major  terminal!) 

Equipment  eati-  $10,000 
mated  at 

Maintenance  $  2,  000 

at  20% 

(b)  Briefing  Equipment  (750) 

Foracaat  $20, 000 

Printer 

Graphic!  $10,000 

Projector 

Terminal  $  2,  000 

Weather 

Indicator  ______ 

Equipment  Total  $32,  000 

Maintenance  at  20%  $  6,  400 

(5)  Aviation  Weather  Facility  (20  ATC  centera) 

Equipment  coat  $150,  000 

SaUriea  $100, 000 

Maintenance  at  20%  $  30,  000 

(6)  ATC  Tower  Diaplaya  (750  towera) 

Equipment  coat  $  2,  000 

Maintenance  at  20%  $  400 
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b.  Processing 

(U  Procossini  Cents  rs 

Computer  rental  plus  programmer's  salaries  estimates 
made  by  Travelers  Research  Center.  Estimates  are  based  on  a  cost  per 
instruction  for  an  IBM  7044  computer  and  are  normalized  to  a  7S%  utilisation. 
The  total  annual  figure  for  the  entire  processing  subsystem  is  estimated  to 
be  $15,840.  000. 

The  hours  of  utilisation  per  day  were  used  to  estimate 
the  costs  for  each  of  the  three  types  of  processing  centers  with  the  following 
results: 

National  $1,083,000 

Regional  $  547. 500 

Local  $  627. 500 

(a)  National  Processing  Center 

It  is  estimated  that  present  and  planned  staffing 
and  computer  capacity  of  the  NMC.  Suitland.  Md. .  are  adequate  to  meet  all 
the  CAWS  requirements.  Implementation  of  the  CAWS  will  involve  no  addi* 
tional  expense. 

(b)  Regional  Processing  Center  (4) 

The  FAWS  unit  at  Idlewild.  New  York,  was  used 
as  a  basis  for  estimating  staffing  requirements  for  regional  processing  centers. 
Assuming  an  average  CS>11  base  plus  25%  gives  $9.  375  per  man  year.  Annual 
salaries  equal  68  x  $9,  375  =  $637,  500.  Maintenance  was  estimated  at  10%  of 
personnel  costs  -  $63,750. 

(c)  Local  Processing  Center.  Automated  (20) 

A  standard  FAWS  unit  was  used  as  the  basis  for 
estimating  the  staffing  requirements  for  local  processing  centers.  Assuming 
an  average  CS-11  base  plus  25%  gives  $9,  375  per  man  year.  Annual  salaries 
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equal  14  x  9375  a  $131,250.  Maintenance  wae  eetimated  at  10%  of  ealariee,  .  10 
X  $131,250  a  $13,  125. 

The  ealariee  of  programming  pereonnel  are  included 

in  computer  coet  eetimatee. 

(d)  Local  Proceeeing  Center,  Manual  (55) 

A  etandard  FAWS  unit  wae  ueed  ae  the  baeie  for 
eetimating  the  etaffing.  Aeeuming  an  average  CS-11  baee  plue  25%  givee  $9375 
per  man  year.  Annual  ealariee  equal  14  x  $9375  •  $131,  250. 

Maintenance  wae  eetimated  at  10%  of  ealariee, 

.  10  X  $131,250  $13.  125. 

Furniture,  etc. ,  eetimated  at  $10,  000  per  unit. 
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c.  Observing 

(1)  Compints  IneUUntion  of  nutomatic  obtorving  oquipnMnt 
at  300  manual  obsarvlng  atatlona. 

Tranamiaaometar 


Basic  hardware 

$  3.600 

Cable 

800 

Shipping 

500 

Installation 

4.  000 

$  8.900 

RVR  Computer 

Basie  hardware 

$  3.600 

Shipping 

100 

Inatallation 

1.300 

$  5.000 

Rotating  Beam  Callomatar 

Basie  hardware 

$  6.900 

Cable 

1.000 

Shipping 

450 

Installation 

3.750 

$12.  100 

Wind-Tamperaturo 

Basic  hardware 

$  8.200 

Cable 

1.000 

Shipping 

200 

Inatallation 

3.  900 

$13. 300 


Total  par  inatallation  $39.  300 

Annual  maintananca  aatimatad  at  20%  of  capital  coata  •  $7. 860  par  yaar. 
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(2)  Incr— ♦  200  P>rt  Ttin«  Obfrvini  Stattona  to  rail  Tim* 


Thli  will  r*quira  2  additional  oba«rv«ri  par  atation. 
Aaauming  an  avaraga  C8-6  baaa  piua  2S%,  givaa  $6. 000  par  yaar  timaa  2  > 
$12, 000  par  atation. 

(3)  Provida  Diiital  Raadout  rroni  Automatic  Obaarving 
“^nipmant  at  600  Stationa 


Baaic  hardwara  $10,000 

Shipping  100 

Inatallation  1, 500 

Modification  to  RBC  1,000 
Total  par  atation  $12,  600 


Maintananca  aatimatad  at  20%  of  capital  coat  *  $2,  520 

(4)  Provida  200  Additional  Manual  Obaarving  Stationa 


Baaic  hardwara  $  5,  500 

Shipping  100 

Inatallation  9, 300 

Total  $14,900 


Operation  and  maintananca  aatimatad  at  40%  of  capital 
coata  «  $5,  9B0  par  yaar. 

A  full  tima  obaarving  atation  haa  a  complamant  of 
5  obaarvara.  Aaauming  an  avaraga  GS>6  baaa  plua  25%  givaa  $6,  000  timaa  5 
man  *  $30. 000  par  yaar. 

(5)  Inatallation  of  Maaonatworka  at  20  Major  Tarminalt 
It  ia  aaaumad  that  tha  central  atation  of  aach  natwork 
will  bo  a  fully  automated  atation,  tha  coata  of  which  have  baan  included  alao- 
whara.  Tha  maaonatwork  will  be  compriaad  of  tha  central  atation  and  12  auto¬ 
mated  aatallita  atationo  taking  maaouramanta  of: 
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•  Wind  apeed  and  direction 

a  Tranamiaaivity 

a  Temperature 

a  Cloud  height 

a  Dew  point 

Equipment  required  for  each  aateiiite  atation 


T  rana  mia  ■  ometer 


Baaic  hardware 

$  3.600 

Cable 

800 

Shipping 

500 

Inatailation 

4.  000 

ToUi 

$  8.900 

Rotating  Beam  Ceilometer 

Baaic  hardware 

$  6.900 

Cable 

1.  000 

Shipping 

400 

Inatailation 

3.  700 

$12. 000 

Wind 'tennp  e  ratu  r  e 

Baaic  hardware 

$  8.200 

Cable 

1.000 

Shipping 

200 

Inatailation 

3.900 

Total 

$13.  300 

Total  per 

Satellite  Station 

$34. 200 

Total  per 
Meao-Network 

$410,000 
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Per  Day 

Thii  requires  3  additional  meteorological  technicians 
per  station.  Aeeuming  GS«9  base  plus  25%  equals  $8,  000  x  3  >  $24,  000  per 
year.  Expendables  estimated  at  $5,  000  year. 

(7)  31  New  Rawtneonde  Stations 

Equipment 


Radiotheodolite 

Basic  hardware 

$46,  400 

Cable 

1,500 

Shipping 

1,000 

Installation 

1.  500 

Total 

$50,  400 

Transponder 

Basic  hardware 

$13,  600 

Shipping 

350 

Installation 

2.450 

ToUl 

$16,400 

Total  per  station 


$66, 800 


Current  staffing  for  four  observations  per  day  is  7 
meteorological  technicians.  Assuming  average  CS>9  base  plus  25%  gives  $8,  000 
X  7  s  $56,  000  per  year. 

Annual  operation  and  maintenance  estimated  at  20%  of 

capital  coste  -  $13,  360. 

(8)  Complete  Long  Range  Weather  Radar  Network  (68  etatione) 

Weather  Radar  (WSR-57) 

Basic  hardware  (includes 
2-way  microwave  75,  000, 
tower  $6,  000. ,  and  dome 
$5,000)  $211,000 


Cable 
SM  pping 


$211,000 

4,  000 
3,000 
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InatalUtion 
Totkl  p«r  ftation 


$  90.000 
$30S, 000 


Cttmnt  •tailing  ol  W8R>S7  inatallationa  is  5  radar 
metaorologista.  Ataumiag  avaraga  CS>9  baaa  plus  25%  givaa  $8,  000  timas 
5  s  $40, 000  par  yaar. 

Maiataaaaca  aatimatad  at  20%  ol  capital  costa  equals 

$61,  600  par  yaar. 
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d. 


ComnualeatieiM 


It  haa  not  provan  poaaiblo  to  ootimato  tho  coat  oi  tha 
implofnontatlon  of  tha  CAWS  eomnmaieatlon  aubayatam  in  tho  amount  of 
datail  or  with  tha  dagroo  of  confidanca  that  waa  poaaiblo  in  tha  eaaa  of  tha 
othar  thraa  auhayatama.  Tha  communication  aubayatam  aaiata  for  tiia  pnrpoaa 
of  tranafarring  information,  without  altaration,  batwaan  tha  othar  thraa  aub- 
ayatama.  Aa  a  raault.  daaign  of  tha  communication  aubayatam  in  aufficiant 
datail  for  raaaonably  accurata  coat  analyaia  muat  follow  mora  datailad  daaign 
of  tha  othar  thraa  auhayatama. 

Tha  praliminary  daaign  of  tha  CAWS  apacifiaa  that  tha 
communication  aubayatam  will  ba  compriaad  of  tha  following  communication 
linka: 

•  A  nationwida  mataorological  talatypa  circuit 

•  A  nationwida  mataorological  graphlca  circuit 

•  Hub  collection  circuita  in  aach  hub  araa 

•  A  nationwida  operational  talatypa  circuit 

•  A  nationwida  operational  graphlca  circuit 

•  Local  circuita  in  major  terminal  araaa 

•  Nationwida  continuoua  weather  broadcaat  coverage 

•  Natioawida  pilot>to-foracaatar  radio  coverage 

•  Nationwida  telephone  briefing  coverage. 

Coat  aatimataa  for  implementing  tha  laat  thraa  itama  have 
bean  included  under  tha  praaantation  aubayatam  and  will  not  ba  repeated  here. 

Tha  praliminary  daaign  includaa  the  following  circuita: 

•  A  3  Kc  nationwide  mataorological  circuit  carrying  1000  wpm 

alpba>numaric  and  IZO  acan  graphlca  producta 

•  A  3  Kc  nationwida  operational  circuit  carrying  1000  wpm 

alpha 'numoric  and  120  acan  graphlca  producta 

•  100  wpm  talatypa  hub  collection  circuita  in  aach  hub  araa 

>  232  . 
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Coat  of  faealmllo  racaivar 

Coat  of  1000  wpm  talatypa  racaivar 

Coat  of  100  wpm  talatypa  racaivar 

Raatal  of  3  Kc  traaamiaaion  lino 

Raatal  of  300  cycla  tranamiaaioa  liaa 

Coat  of  racaivara  amortiaad  ovar  10  yaara 

Annual  maintananca  aquala  20%  of  capital  coat 

Mataorological  Circuit 

1 .  Facaimila 

1 20  racaivara  at  $3000  =  $360,  000 
annual  coat  at  10% 

Annual  maintananca  at  20% 

Total  annual  coot 

2.  Talatypa 

120  racaivara  at  $5,000  =  $360,000 
annual  coat  at  10% 

Annual  maintananca  at  20% 

Total  annual  coat 

3.  Lina  Rantal 

20, 000  milaa  at  $3/mo/mila 
Total  annual  opa rating  coat  i 

Oparational  Circuit 

1.  Factimiia 

750  racaivara  at  $3,  000  >  $2,  250,  000 
annual  coot  at  10% 

Annual  maintananca  at  20% 

Total  annual  coat 


$3000 

$5000 

$1500 

$3/mo/milo 
$1.  50/mo/mila 


$36, 000 
$72, 000 
$108, 000 


$36, 000 
$120,  000 
$180,  000 

$720, 000 
, 008, 000 


$225, 000 
$450, 000 
$675, 000 
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2.  T«Utyp« 

750  r«c*iv«H  at  $5000  ■  3,  750, 000 

annual  coat  at  10% 

$375,  000 

Annual  maintananea  at  20% 

$750,  000 

Total  annual  coat 

$1,  125,000 

3.  Lina  Rantal 

50, 000  milaa  at  $3/moath/inile 

$1,800,  000 

Total  annual  operating  coat 

$3, 600, 000 

Hub  Collection  C  ircuita 

1.  1000  aand/racaiva  talotypaa 

at  $1500>$1,500, 000 

$150,  000 

annual  coat  at  10% 

Annual  maintananea  at  20% 

300, 000 

Total  Coat 

$450, 000 

2.  Lina  rantal  50,  000  milaa  at 

$1.  50/month/mila 

$900,  000 

Total  annual  operating  coat 

$1,  350,  000 

Summation  •  coata  per  year 

Meteorological  Circuit 

$1,008,000 

Operational  circuit 

3,600, 000 

Hub  Collection  Circuita 

1,350,000 

Grand  Total 

$5, 958. 000 

Coat  of  Preaent  Aviation  Weather  Communication  Sarvicea 

FAA  (Service  ARC) 

Maintenance 

$3,111,449 

Lea  a  ad  linea 

1.903,478 

Capital  coata  (10%) 

1,771.  500 

Total 

$6. 786, 427 
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This  auin  ia  40%  of  tho  total  FAA  axpandituraa  on  waather 
eommunicationa.  Sinca  only  tha  total  axpandituraa  ara  known  for  tha  Waathar 
Buraau  and  Air  Forea,  thla  pareantaga  figura  will  ba  appliad  in  aatimating  the 
portion  of  tha  praaant  Waathar  Buraau  and  Air  Force  axpandituraa  on  waather 
eommunicationa  which  will  ba  replaced  by  tha  CAWS. 

U.  8.  Waathar  Buraau 

Faceimila.  RAWARC,  ate.  $3,400,000 

Ktaintananca,  ate.  at  40%  1,  360,  000 

U.  S.  Air  Force 
IR.  IL  circuita 

Global  total  $13,  540,  000 

Tha  U.  S.  portion  of  Air  Force  Waather  eommunicationa  ia 
aatimated  by  tha  Buraau  of  tha  Budget  at  52%  =  $7,  040, 000 

Maintenance,  operation,  ate.  at  40%  $2,816,000 

It  ia  aatimated  that  75%  of  thia  will  ba  replaced  by  tha  CAWS. 
Tha  remainder  will  atill  ba  nacaaaary  to  meat  raquiramanta  peculiar  to  Air 
Force  oparationa. 


at  75% 

$2,  112,  000 

Recapitulation 

FAA 

$6,  786,  427 

USWB 

1,  360,  000 

USAF 

2,  112,  000 

Grand  Total 

$10,258  ,  427 

Total  to  ba  replaced  by  CAWS 

$10,258,000 

Annual  coat  of  CAWS  circuita 

5,  958,  000 

Apparent  aavinga 

$4, 300, 000 

Tha  eatimataa  of  coata  for  tha  CAWS  are  undoubtedly  low 

aince  they  do  not  include  provieion  for  local  circuita  nor  the  diatribution  of 

rapid  cycle  obaervationa  from  Air  Force  Baaea.  In  any  event,  it  ia  aafe  to  aay 

that  implementation  of  the  CAWS  communication  aubayatem  will  not  involve  any 

additional  expendituraa  over  tha  preaent  waathar  eommunicationa,  and  may 

actually  reault  in  reduced  coata. 
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I  B.  ESTIMATED  DOLLAR  BENEFITS 

1.  G«n«r»l  Aviation 
I  a.  Accidents 

j  Then  ere  two  main  type  a  of  gonaral  aviation  accidents  in 

(  which  weather  is  a  factor,  vis: 

(1)  Minor  accidents  while  landing,  taking  off  or  taxiing 
in  a  gusty  wind,  cross-wind  or  downwind.  The 
immediate  cause  of  these  accidents  is  pilot  technique. 
Improved  weather  information  would  result  in  a 
negligible  decrease  in  this  type  of  accident. 

(2)  Fatal  accidents  which  are.  with  very  minor  exceptions, 
all  of  one  type,  i.  e. ,  a  non-instrument  rated  pilot 
attempts  to  continue  VFR  flight  after  encountering  IFR 
conditions.  In  descending  order  of  frequency  the 
weather  information  obtained  by  the  pilot  prior  to  the 
flight  may  be  classified  as  follows: 

•  No  weather  briefing  received. 

This  may  be  due  to  a  number  of  causes  such  as 
non-availability  of  briefing  or  difficulty  of  access 
to  briefing  facility  either  in  person  or  by  tele¬ 
phone;  lack  of  suitable  radio  receiving  equipment, 

1 

or  inadequate  pilot  training. 

•  Adequate  weather  briefing  received  but  disregarded 
due  to  lack  of  training,  misunderstanding,  or  desire 
to  reach  a  given  destination  by  a  specified  time. 

•  Inadequate  or  erroneous  weather  briefing  received. 
This  case  appears  to  be  the  exception. 
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In  all  that*  eaaaa  it  is  tha  lack,  misusa  or  misundaratanding 
of  waathar  infornoation  in  flight  planning  which  causaa  tha  accidant.  Itnprova- 
mants  in  tha  accuracy,  timalinaaa,  availability  and  undaratandability  of  weather 
information  should  produce  a  corresponding  dacraass  in  these  fatal  accidents 
although  it  is  too  much  to  expect  that  they  will  be  completely  eliminated. 

It  is  reasonable  to  state  that  the  majority  of  these  pilots 
could  have  been  saved  through  one  or  several  of  the  following  features. 

•  Batter  availability  of  weather  information 

•  More  accurate  anroute  and  terminal  forecasts 

•  More  operationally  oriented  forecasts 

•  More  thorough  pilot  training,  especially  in  Aviation 

Meteorology. 

Among  the  improvements  contained  in  the  CAWS  design, 
particularly  those  pertaining  to  the  presenting  subsystem,  many  are  specifi- 
cally  applicable  to  use  by  tha  general  aviation  pilots.  A  number  of  these  are 
listed  below: 

•  Establishment  of  a  large  number  of  automatic 
telephone  weather  briefing  facilities 

•  Establishment  of  additional  transcribed  continuous 
weather  broadcasts 

•  Establishment  of  pilpt«to-forecaster  stations 

•  Standardisation  of  briefing  situations,  procedures, 
facilities,  and  formats. 

The  official  summaries  of  general  aviation  accident  reports, 
due  to  lack  of  detailed  descriptions  of  the  causes  of  fatal  general  aviation  accidents, 
do  not  provide  a  feasible  method  to  determine  to  what  extant  or  percentage  the 
above  mentioned  causal  factors  contributed  to  the  accidents.  A  study  of  each 
accidant  report  would  be  beyond  the  scope  of  this  project.  As  an  illustration  of 
this  point,  a  sampling  of  1300  randomly  chosen  general  aviation  accident  reports^ 

T - 

CAB,  Summaries  of  General  Aviation  Accidents,  1959*1960. 
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was  mad*  covariag  tha  period  1959-1960.  From  this  sampla  87  fatal  accidenta 
ware  Idantiliod  which  occurred  aarouta  or  in  the  approach  and  where  aon- 
inatrumant  rated  pilots  either: 

stayed  below  the  clouds  and  kept  flying  into  lowering 
ceilings  until  forced  to  crash  land  or  collided  with 
rising  terrain, 

or 

lost  control  after  flying  into  IFR  weather  and  crashed. 

In  approximately  70%  of  these  cases  the  only  known  fact  was 
that  the  pilot  encountered  IFR  weather.  Thus,  more  than  two-thirds  of  these 
casualties  could  not  be  categorised  as  to  specific  weather  causes.  An  analysis 
of  general  aviation  weather  fatalities  as  to  causal  factors  can  therefore  not  be 
undertaken  without  studying  the  individual  accident  reports. 

The  approach  taken  here  to  estimate  the  number  of  lives  that 
could  be  saved  in  general  aviation  as  a  result  of  the  improvements  in  the  weather 
services,  follows  a  process  of  elimination.  It  is  clear  that  the  improvements 
would  benefit  all  general  aviation  pilots,  those  who  fly  without  mishap,  those  who 
experience  narrow  escapes.  They  also  would  have  averted  many  of  the  present 
casualties. 

The  impact  of  the  improvements  on  the  first  two  groups  must 
primarily  be  measured  in  terms  other  than  economics.  These  groups  will  under¬ 
take  their  flights  with  a  greater  confidence  factor.  The  one  tangible  economic 
gain  will  be  the  reduction  in  delays  which  has  been  treated  elsewhere  in  this 
report.  However,  the  impact  on  the  third  group,  the  fatalities,  will  be  assessed 
as  an  economic  benefit  based  on  the  assigned  dollar  value  of  the  economic  loss 
resulting  per  fatality. 

A  large  majority  of  this  group  presently  obtains  no  weather  brief¬ 
ing  at  all,  owing  to  the  fact  that  out  of  6835  airports  used  by  General  Aviation^  only 
468  have  aviation  weather  briefing  facilities^.  This  constitutes  approximately  7% 

^Statistical  Study  of  U.  S.  Civil  Aircraft,  Jan.  1961,  FAA 
FAA  Air  Traffic  Activity,  Fiscal  Year  1961 
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Howsvar,  more  than  7%  ci  th«  avtotien  pUott  art  eovarad  tine* 

many  of  tha  46t  aivporta  ara  loeatad  at  or  aaar  oiajor  hob  araaa,  which 
eovar  a  proportlonataly  largar  ahara  at  aaaaral  Aviatiea  flying. 

Tha  iarga  majority  of  piiota  who  do  not  raeaivo  adaquata 
waathar  briafings  or  who  cannot  obtain  a  briafing  ia  aicpactad  to  banafit 
matariaily  from  tha  nationwida  availability  of  mora  oparational  and  updatad 
waathar  information  aa  a  raanlt  of  tha  planaad  improvamanta.  Thara  ia  no 
diract  way,  of  couraa,  to  pradict  how  naany  of  thaaa  piiota  will  actually 
make  uaa  of  thla  information  axcapt  that  through  axpandad  nationwide  waathar 
diaplay  and  praaantation  facilitiaa  practically  all  general  aviation  piiota 
will  have  thia  information  readily  available  by  1975.  A  a  tha  reliability  and 
availability  of  waathar  foracaata  Ineraaaa,  it  appaara  likely  that  their  uaa 
will  ineraaaa  at  laaat  corraapondingly. 

Thara  ia,  however,  ia  avary  group  a  certain  pareantaga  who 
will  act  agaiaat  advice,  thua  who  will  taka»off  in  tha  face  of  an  unfavorable 
waathar  foracaat,  or  who  will  not  avail  thamaalvoa  of  tha  waathar  brlafinga 
offered.  Tha  alaa  of  thia  group  cannot  ha  aacartainad  exactly  but  can  only 
be  aatimatad,  particularly  ainca  tha  planned  improvamanta  in  aviation  waathar 
aarvicaa  have  yet  to  be  implamantad. 

To  obtain  a  raaaonabla  baaia  for  auch  aa  eatimato,  comparable 
figuraa  aa  to  tha  affect  of  inatruction  and  traffic  information  on  automobile 
driver  violatioaa  and  accidanta  maybe  cited  hare.  Varioua  atudiaa  in  thia  field^ 
indicate  that  proper  inatruction  and  information  raducaa  violationa  and  accidanta 
on  tha  average  by  a  factor  of  50%,  i.a. ,  after  proper  inatruction  only  half  of  ail 
drivora  ara  found  to  have  violationa. 

While  traffic  inatruction  and  information  ia  not  directly  com- 
parabla  to  waathar  inatruction  and  infortaation  given  to  piiota,  it  ia  conaidarad 
auffieiantly  related  that  it  will  be  uaad  aa  a  firat  approximation.  Thua,  if  that 

American  Automobile  Aoeoeiation  Date,  10  Year  Study  of  SUta  of  Pannaylvania 
Study  made  by  All -State  Inouraaca  Company,  Canf.  with  Dr.  Deal,  California 
State  Dept,  of  CdueaUon,  July  31,  1962. 
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group  of  pilot!,  who  proaontly  boeomo  woothor  eaaualtioi,  wort  to  rocoivo 
adoquato  woathor  briofinga  and  Inatruetlona,  ona  half  could  bo  axpactad  to 
act  on  thaaa  inatruetlona,  atay  on  tha  ground,  and  not  axpoaa  thatnaalvaa  to 
unfavorabla  flight  waathar  condltiona.  Thla  group  conapriaing  50%  will  ba 
conaidarad  aavad  fronn  an  accidant. 

Tha  raraaining  50%  will  not  racaiva  waathar  briafinga  for 
varioua  reaaona,  or  will  not  avail  themaalvaa  of  advica  and  will  taka>off 
inapita  of  an  unfavorable  waathar  foracaat.  A  portion  of  thia  group  will 
axperienca  narrow  eacapaa  or  encounter  weather  enroute  and  at  the  terminal 
better  than  the  foracaat  apecified. 

To  arrive  at  an  eatimate  of  thia  number  it  muat  be  aa- 
certained  what  degree  of  forecaating  accuracy  ia  preaently  obtained  and 
can  reaaonably  be  expected  in  the  15  year  period  ahead.  A  recent  atudy  of 
forecaat  verification^  finda,  that  of  a  total  of  6920  forecaata  aampled  pre¬ 
dicting  leaa  than  VFR  condition!  (below  1000'  ceiling  and  3  mile  viaibility, 
valid  for  a  6  hr.  period)  at  17  nationwide  terminal!,  2938  forecaata  turned 
out  to  be  erroneoua,  i.e..  the  terminal  had  high  VFR  condition!.  Thia  ia 
a  ratio  of  42%.  Thua  42  timer  out  of  every  100  forecaata,  predicting  leaa 
than  VFR  weather,  the  condition!  were  actually  obaerved  to  be  above  VFR  at 
the  terminal.  Thia  ia  a  aurpriaingly  high  percentage.  However,  it  muat  be 
considered  here  that  the  forecast!  concerned  only  terminal  conditions  and 
not  enroute  weather.  Had  the  verification  been  made  over  the  entire  flight 
leg  this  ratio  of  42%  incorrect  forecasts  would  have  been  reduced  considerably. 
Frequently,  even  though  t  he  terminals  are  above  VFR  minimums,  points 
enroute  are  below  minimums,  rendering  VFR  flying  hazardous.  A  reduction 
of  the  error  probability  from  42%  to  30%  is  conservative  and  would  apply  to 
present  forecasting  accuracy.  Improved  forecasting  methods  are  expected 
to  lower  this  figure  to  20%. 

^"Quantitative  Assessment  of  the  Performance  Characteristics  of  the  Airways 
Terminal  Forecasting  System"  by  R,  E.  Kerr,  Jr.,  John  R.  Thompson,  and 
Robert  D.  Elliott,  Aerometric  Research,  Inc.,  Goleta,  California,  April  15,  1962. 
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Coniidsrlng  now  tho  S0%  at  tho  pilots  who  will  tako-off  into 
marginal  weathar,  20%  x  50%  or  10%  will  axparianca  narrow  ascapos  or  will 
encountar  waathar  battar  than  foracaat.  Tha  ramaining  40%  will  ancountar 
IFR  waathar  conditions  snrouta.  Howavar,  a  portion  of  this  group  ars  sxpactad 
to  receive  in-flight  warnings  through  the  planned  national  coverage  of  continuous 
operational  weather  broadcaste. 

According  to  FAA  statistics^  more  than  three  quarters  (78%) 
of  all  general  aviation  aircraft  are  equipped  with  radio  communication  gear 
while  22%  have  no  such  equipment.  Assuming  that  there  will  be  no  change 
in  this  ratio  by  1975.  approxinnately  one  quarter  of  the  40%  or  10%  flying  into 
unfavorable  weather  will  not  receive  enroute  weather  warnings.  Most  of  these 
must  be  expected  to  have  accidents.  Of  the  remaining  30%.  who  have  communi¬ 
cation  equipment  on  board,  a  certain  portion  will  receive  in-flight  weather 
reports.  They  will  thus  have  the  choice  of  landing  at  an  intermediate  airport 
before  encountering  IFR  weather  conditions  or  returning  to  the  departure  termi¬ 
nal.  This  portion  is  conservatively  assumed  to  comprise  half  of  the  30%  or  15%. 
which  will  be  considered  saved  while  most  of  the  remaining  15%  will  have  accidettts. 

The  above  estimates  apply  to  the  period  1968-69  when  full 
implementation  of  those  improvements,  pertai  ning  particularly  to  the  general 
aviation  segment,  will  have  been  accomplished.  (See  implementation  schedule. 
Figure  27).  If  it  is  postulated  that  implementation  is  started  during  1963,  a 
transition  period  of  5  years  ensues  during  which  time  there  will  be  various  stages 
of  partial  implementation. 

In  order  to  provide  an  inaication  of  the  reduction  in  fatalities  for 
the  beginning  of  thie  period,  when  approximately  10%  of  the  improvemente.will  be 
implemented  (10  out  of  100  planned  pilot -to -forecaster  stations,  75  out  of  750 
automatic  telephone  briefing  facilities,  etc.),  the  availability  of  operational  weather 
Information  to  general  aviation  pilots  during  this  period  must  be  examined.  The 

^FAA  Statistical  Handbook  of  Aviation,  1961 
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CAWS  pUn  cftlU  for  oarly  implomoatotion  at  tha  largar  traffic  huba  whara 
pilot  populaticm  it  from  2*3  timaa  at  danaa  aa  in  tha  avaraga  hub.  Thua 
with  a  10%  implamantation  an  aatimatad  30%  of  tha  pilota  will  ba  raaehad. 

Half  of  thaaa  pilota  will  act  on  an  unfavorable  waathar  foracaat  and  will 
thua  ba  aavad  (15%).  Tha  ramaining  15%  will  taka«off.  Of  thia  parcantaga 
about  1/3  or  5%  will  exparianca  narrow  aacapaa  or  ancountar  VFR  waathar. 
Thia  group  will  ba  aavad.  A  portion  of  the  remaining  10%  will  receive 
anrouta  weather  warninga  and  avoid  an  accident  by  an  intermediate  landing 
or  return  to  their  departure  terminal.  Thia  portion  will  be  approximately 
1/3  or  10%  of  3%.  Moat  of  the  ramaining  7%  are  expected  to  have  accidenta. 

The  large  group  of  pilota.  70%.  who  will  not  ba  reached 
by  weather  briefinga.  will  encounter  IFR  weather  conditiona.  enrouta  or  at  the 
deatination  terminal.  Aaauming  again  that  1/3  of  thaaa  will  receive  enroute 
weather  warninga  through  radio  communication  and  act  on  them  will  re  ault  in 
an  eatimated  22%  being  aaved  and  47%  having  accidenta. 

Summarixing  the  potential  reduction  in  accidenta  during 
unfavorable  weather  conditiona  for  the  two  perloda.  1963>64  and  1968-75. 
we  arrive  at  the  following  breakdown. 
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PERIOD  1963  .  1964 


Pilot  Group 

Accidents 

Prevented 

Accident! 

Pilot!  who  r«c«iv!  op«rational  wouther  briefings 
end  ect  on  them 

15% 

Pilot!  who  do  not  ect  on  unfevoreble  wee  the  r 
briefing!  but  heve  nerrow  escepes. 

Pilot!  who  teke«off  into  unfevoreble  weether 
end  do  not  receive  enroute  weether  werninge. 

5% 

7% 

Pilot!  who  ect  on  enroute  weether  werninge 
ere  expected  to  be  eeved. 

3% 

Pilot!  who  receive  no  weether  briefings  prior 
to  teke>off  end  who  receive  no  enrotte  weether 
werninge.  These  ere  expected  to  heve  eccidents 

48% 

Pilot!  who  receive  no  weether  briefings  prior 
to  tekS'Off  but  who  ect  on  enroute  weether 

22% 

werninge. 

TOTAL  ESTIMATED  1963*64  PERIOD 

45% 

55% 

PERIOD  1968  •  1975 

Pilot!  who  ect  on  weether  briefings 

50% 

Pilot!  who  do  not  ect  on  unfevoreble  weether 
briefing!  end  heve  nerrow  escepes. 

10% 

Pilot!  who  do  not  ect  on  unfevoreble  weether 
briefing!  end  heve  no  communicetion  geer  on 
boerd  with  which  to  receive  enroute  weether 
werrar  ;!.  These  ere  expected  to  heve  ecci* 
dents. 

10% 

Pilot!  with  communicetion  geer  on  boerd  end 
who  receive  enroute  weether  werninge  ere 
expected  to  be  seved. 

15% 

Pilot!  with  communicetion  geer  who  do  not 
receive  enroute  weether  werninge  ere  ex* 
pected  to  heve  eccidents. 

15% 

TOTAL  ESTIMATED,  1968  *  75  PERIGO 

75% 

25% 
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Th«  maximum  potential  beaafiti  which  could  be  realiied 
by  full  implementation  of  the  planned  improvements  in  the  aviation  weather 
service  have  been  estimated  by  applying  the  75%  figure  developed  above  to 
the  total  penalties  associated  with  general  aviation  accidents  as  projected  in 
Part  I  of  this  report.  The  results  are  presented  in  Table  64. 


Table  64.  Maximum  Potential  Benefit  from  Reduction  in  General 
Aviation  Accidents  (Millions  of  Dollars) 


Item 

1960 

1965 

1970 

1975 

Fatalities  and 

Injuries 

138.85 

179.82 

223. 16 

270.40 

Aircraft  Damaged 
and  Destroyed 

11.67 

14.  44 

16.60 

18.45 

Total 

150.52 

194.26 

239.76 

288.85 

Estimated 

Realizable  Benefit 
(ToUl  X  75%) 

112.89 

145.71 

179.82 

216.63 

These  dollar  benefits  are  primarily  based  on  the  estimated 
economic  losses  due  to  an  aviation  fatality.  These  values  are  considered  to 
be  minimum  amounts.  A  recent  study  completed  in  1962  by  United  Research, 
Inc.  for  the  FAA^  estimates  the  economic  loss  from  an  aviation  fatality  at  a 
much  higher  figure,  i.e.  ,  $450,000  in  1963*64,  $520,000  in  the  1968-69  period 
and  $610,  000  in  1975,  compared  to  our  estimates  of  $271,  000,  $314,  000  and 
$364,  000,  respectively. 


^'Economic  Criteria  for  Federal  Aviation  Agency  Expenditures",  Final  Report 
June  1962,  United  Research,  Inc.,  Cambridge,  Mass. 
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b.  DaUyt 

Th«  totel  incurr*d  by  genanl  aviation  through 

dalaya  duo  to  woathor  cauoos  woro  oatimatod  In  Part  I.  The  loaees  ara 
compriaed  of  additional  direct  operating  coeta  and  loaa  of  paaaenger  time. 
To  eatimato  tha  maximum  realisable  benefit,  the  75%  factor,  developed 
in  the  preceding  aection,  waa  applied  to  the  total  penalty.  The  reaulta  are 
preaented  in  Table  65. 


Table  65.  Maximum  Potential  Benefit  from  Reduction  of  Delaya 

in  General  Aviation(Milliona  of  Ooliara) 


Item 

1960 

1965 

1970 

1975 

Direct  Operating 
Coata 

7, 12 

8.74 

10.25 

11.46 

Loaa  of  Paaaenger 

Time 

5.55 

9. 10 

13.00 

18.80 

Total 

12.67 

17.84 

23.25 

30.26 

Eatimated  Realix* 
able  Benefit  (Total 

X  75%) 

9.  54 

13.38 

17.43 

22.71 

The  above  eatimatea  do  not  take  into  account  the  fact  that 
prior  to  the  implementation  of  the  improvementa  the  benefita  would  In  fact 
be  aero.  Only  after  the  full  improvemente  have  been  implemented  will  the 
benefita  be  raalised  at  100%.  Thua,  batween  1963  and  1969  there  ia  a  tranai- 
tion  period  during  which  the  expected  benefita  will  increaae  from  aero  to  their 
fxill  value.  Table  66  liata  valuea  of  thaae  eatimated  annual  benefita,  adjuated 
for  the  tranaition  period. 

It  ia  not  the  purpoae  of  thia  atudy  to  find  remediea  for  the 
penaltiea  developed  here.  However,  the  fatality  figurea  in  General  Aviation 
and  the  damage  to  or  deetruction  of  General  Aviation  aircraft  can  no  doubt  be 
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Table  66.  Adjueted  Annual  Benefits  in  General  Aviation. 

1963-1975  Period  (in  million 
dollare) 


Year 

Non  Adjusted  Dollar  Benefits 

Adjusted  OolUr-Benefits 

1963 

149.39 

1.49 

1964 

151.71 

8.25 

1965 

159.09 

27. 10 

1966 

166.72 

66.69 

1967 

174.  35 

104.61 

1968 

181.98 

145.58 

1969 

189.  63 

174.46 

1970 

197. 25 

193.31 

1971 

205.  68 

205.68 

1972 

214.  08 

214.08 

1973 

222.  54 

222. 54 

1974 

230. 91 

230.91 

1975 

239. 34 

239. 34 

greatly  reduced  by  improved  pilot  training  in  meteorology  and  by  better 
availability  of  more  operationally  oriented  weather  information.  This  opinion 
ie  supported  by  the  fact  that  weather  caused  accidents  in  the  case  of  the  air 
carriers  have  been  practically  eliminated.  Air  carrier  flight  crews  are 
disciplined  and  receive  intensive  training  in  weather.  In  addition,  they 
receive  detailed  operational  weather  information  which  is  used  in  planning 
each  trip. 
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2. 


Air  Carriers 


In  thla  aactlon.  the  maximum  potential  benefits  which  could  be 
realised  through  full  implementation  of  the  CAWS  design  have  been  estimated 
using  1960  as  the  base  year.  Actually,  the  improvements  to  the  aviation  weather 
service  are  expected  to  be  initiated  in  1963  and  be  completed  by  1970,  Thus 
the  degree  of  implementation  will  rise  from  sero  to  one  hundred  percent  during 
this  period.  These  percentages  must  be  applied  to  the  maximum  possible 
benefits  to  obtain  the  actual  realizable  benefits  in  each  category.  This  latter 
step  was  done  later  in  the  report  in  Part  III  C. 

a.  Diversions 

If  an  aircraft  does  not  land  at  its  destination  terminal  but 
proceeds  to  an  alternate,  the  resulting  diversion  involves  the  penalties  pre¬ 
viously  considered,  such  as  additional  flying  time,  lost  passenger  time, 
interrupted  trip  expense  and  ustially  a  ferry  trip  of  the  empty  aircraft  to  the 
original  destination  terminal.  If  the  aircraft,  after  a  diversion,  does  not 
reach  its  destination  terminal  in  time  for  the  next  scheduled  departure,  the 
carrier  will  be  obligated  to  provide  extra  equipment  or  lose  the  revenue  from 
this  trip. 

Diversions  occur  in  all  airspace  user  categories;  General 
Aviation,  Air  Carriers  and  Military  Aviation.  However,  only  the  diversions 
suffered  by  the  scheduled  carriers  will  be  treated  here,  since  for  this 
category  suitable  statistics  are  available  and  can  be  projected  over  the  15 
year  period  ahead. 

The  causes  of  diversions  are  two-fold: 

Terminal  weather  conditions  are  found  to  be  below 
landing  minimums  by  the  approaching  aircraft,  as 
the  result  of  an  incorrect  terminal  weather  forecast,  or 
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•  Long  waiting  porioda  in  a  torminal  holding  pnttorn, 
uaunlly  tho  roault  of  achoduling  ccmgaation  during 
nanrginnl  wonthar  porioda,  forco  the  aircraft  to 
proeood  to  ita  altomato  after  tho  raaerva  fuel  haa  boon 
uaod  up  in  the  "atack". 

Both  of  thoeo  cauaoa  aro  aaaantially  due  to  the  uncertainty  of 
foracaating  terminal  conditiona.  Turbojet  aircraft,  in  particular,  are  heavily 
penaliaed  whan  placed  in  a  holding  pattern  at  low  altitudea  becauae  of  their 
extremely  high  fuel  conaumption  at  theaa  levela.  The  deciaion  to  divert  must 
be  made  before  the  descent  ia  started. 

The  type  cf  forecast  most  applicable  to  diversions  is  the  9-12 
hour  terminal  forecast.  Flight  planning  for  the  average  flight  is  usually  accom¬ 
plished  1-2  hours  prior  to  take-off.  Flight  planning  includes  providing  for  ade¬ 
quate  fuel  reserves  for  diversions.  The  terminal  forecast  available  at  the 
time  of  flight  planning  may  be  from  1-S  hours  old.  Finally,  the  usual  length 
of  flight  where  diversions  are  a  distinct  possibility,  extends  over  medium  to 
large  distances  involving  a  period  of  3-5  hours. 

The  benefits  to  be  derived  from  a  reduction  in  diversions  can 
be  considered  directly  proportional  to  m  improvement  in  forecasting  accuracy 
of  terminal  weather,  primarily  of  the  type  involving  below  minimum  landing 
conditions. 

An  analysis  of  current  forecasting  accuracy  of  terminal 
weather  using  the  results  of  a  verification  study  by  Aerometric  Research^ 
which  was  carried  out  over  a  3  year  period,  shows  that  of  a  total  of  91670 
terminal  forecasts  at  21  nationally  distributed  airports,  the  weather  was  observed 

^"Quantitative  Assessment  of  the  Performance  Characteristics  of  the  Airways 
Terminal  Forecasting  System",  Aerometric  Research,  Inc.  ColeU,  California, 
April  15,  1962,  U.  S.  Weather  Bureau,  Contract  Cwb  10077 
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to  be  below  lending  mlnimume  947  times,  or  epproximetely  1%  of  the  time, 
thet  above  minimum  conditions  were  forecast.  While  this  accuracy  is 


relatively  high,  the  implementation  of  the  Common  Aviation  Weather  System 
is  expected  to  improve  the  forecasting  accuracy  of  terminal  weather  conditions 
by  an  estimated  S0%  thus  reducing  the  degree  of  inaccuracy  from  1%  to  1/Z%. 

Table  67  projects  the  estimated  benefits  from  reducticn 
of  diversions  through  the  period  I960  to  1975,  assuming  the  improvements 
hftd  been  implemented  prior  to  I960.  Since  an  eliminated  diversion  leads 
to  an  additional  cancellation,  the  cost  per  cancellation  has  been  subtracted  from 
the  diversion  cost.  Thus,  only  the  net  cost  per  eliminated  diversion  is  used  here 
in  the  determination  of  the  benefits. 


Partial  Table  67.  Dollar  Benefits  due  to  Reduction  of  Diversions 


Item 

1960 

1965 

1970 

1975 

Estimated  number 
of  Diversions 

3250 

3900 

4550 

5250 

Eliminated!  (50% 
of  Total) 

Cost  per  diversion^ 

$703 

$916 

$1044 

$1076 

Cost  per  cancella* 
tion^ 

$122 

$116 

$179 

$244 

Net  Gain  Per 
Eliminated 

Diversion 

$581 

$800 

$865 

$832 

Total  Estimated 

Dollar  Benefit  Due 
to  Eliminated 
Diversions  (millions) 

$1.89 

$3.  12 

$3.94 

$4.  37 

^See  Section  7,  Part  I A 
^Ste  Section  6.  Part  I  A 
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b. 


CanealUtiona 


Aa  diaeuaaad  in  Saction  6,  Part  lA.cancallationa  ara  dua 
to  two  principal  cauaaa.  waathar  factora  and  machanical  failuraa.  Aaaaming 
that  waathar  waa  not  a  factor  during  tha  aummar  montha,  tha  incraaaad 
amount  of  cancallationa  during  tha  raat  of  tha  yaar  waa  then  aacribed  to 
waathar  cauaaa.  yielding  an  annual  average  of  1.  19%  of  all  achadulad  air¬ 
craft  mileage  cancelled. 

In  thaaa  caaaa.  tha  flighta  ware  cancelled  due  to  a  forecaat 
of  weather  below  minimume  at  the  terminal,  and  nearby  altarnataa,  at  the 
acheduled  arrival  time  of  tha  aircraft.  A  terminal  weather  forecaat  etudy^ 
hae  shown  that,  for  a  three  yaar  period.  1958-1960.  below  minimum  forecasts 
for  a  12  hour  period  verified  24.  7%  of  the  time.  Stated  another  way.  below 
minimum  weather  was  forecast  four  times  for  every  once  that  it  actually 
occurred.  If  it  is  assumed  that  all  flights  were  cancelled  on  the  basis  of 
these  forecasts,  this  means  that  three  out  of  every  four  cancellations 
were  unnecessary.  This  appears  to  be  an  over-statement  of  the  case  since 
in  a  certain  portion  of  these  cases,  a  suitable  alternate  may  be  available. 

Accordingly,  it  will  be  assumed  that  one  of  these  three 
cases  was  not  cancelled  and  the  flight  was  conducted  in  spite  of  the  unfavorable 
forecast.  This  results  in  an  estimate  that  two  out  of  every  three  cancellations 
are  unnecessary.  Following  the  same  line  of  reasoning  as  in  the  case  of  diver¬ 
sions^,  it  is  estimated  that  implementation  of  the  Common  Aviation  Weather 
System  will  improve  this  type  of  forecast  by  50%.  This  will  then  eliminate 
one  of  the  two  unnecessary  cancellations  and  reduce  the  total  amount  of  can¬ 
celled  flights  by  one -third. 

Table  68  projects  the  estimated  maximum  possible  benefits 
resulting  from  the  reduction  in  cancellations,  assuming  the  improvements  to 
have  been  implemented  in  1960. 

^  Cited  pg.  250 
^Pg.  251 
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Table  68,  Maximum  Poaaible  Benefits  Due  to  Reduction 
in  Cnneellntions 


Item 

HHIH 

1965 

1970 

rni^m 

Total  Number  of 
Cancellations 

45. 400 

54.400 

63. 700 

73.  700 

Net  Cost  (millions) 

5.54 

6.34 

11.37 

18.00 

Maximum  pcs  siblo 
benefit  (1/3) 

(millions) 

1.85 

2. 11 

3.79 

6.  00 

In  prnetiee,  general  aviation  and  the  military  undergo  penaltiee 
due  to  unnecessary  flight  cancellations.  However,  an  actual  dollar  estimate  of 
the  penalties  has  not  been  attempted  since  it  would  be  highly  speculative  due  to 
lack  of  suitable  data. 

c .  Delays 

(1)  Air  Carrier  Delays.  Enroute 

In  arriving  at  any  potential  benefits  to  be  expected  from 
the  proposed  augmentation  of  the  present  weather  services  affecting  enroute  air 
carrier  performance,  several  possibilities  present  themselves. 

Accurate  flight  planning,  notably  for  the  turbojets,  is 
an  economic  necessity  and  becomes  increasingly  important  with  the  expected 
increase  in  turbojet  flying.  The  general  planning  of  an  air  carrier  flight  with 
the  weather  information  input  ae  well  as  the  possible  reeults  of  inaccurate 
flight  planning  are  shown  in  the  following  table.  All  thee  e  items  are  subject 
to  improvement. 
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WMthcr  P»raiB«tor 

Potential  Effect  of  Inadequate  Flight  Planning 

Turbojet 

Propeller 

Accuracy  aad  Timaliacia 

l.Fual  load  axcaaalva 

1 .  Little  effect  on  abort 

of  Upper  Air  Wind  Fore- 

a.  Incraaaad  fuel 

range  flighta  but  impor- 

caatc  (including  minimum 

conaumption 

tant  on  longer  range 

time  track) 

b.  Off  loading  payload 

c.  Raatrictad  take-off 

flighta. 

performance 

2.  Fuel  load  inadequate 

a.  Unachadulad  fuel 
atop 

b.  Neceaaity  for  In- 
creaaed  altitude  or 
reduced  thruat  for 
fuel  conaervation 

2.  Altitude  aeleetion  impor¬ 
tant  to  total  flight  time. 

Accuracy  of  Temporaturaa 

1.  Little  effect  on  fuel 

1.  Little  effect 

Aloft  Foracaata 

conaumption  at 
eruiae  altitude 

2.  Temperature  deter¬ 
miner  eruiae  alti¬ 
tude  reatricted  by 
groaa  weight 

3.  Can  increaae  trip 
flying  time  due  to 
aircraft  perfor¬ 
mance  at  exceaaive 
cruiaing  altitude. 

4.  Can  increaae  fuel 
conaumption  by 
aeleetion  of  too 

low  cruiaing  altitude 

Accuracy  of  aurfaca 

1.  Determiner  take-off 

tamparatura  foracaata 

weighta  which  in  turn 
can  determine  choice 
of  altematea,  choice 

of  altitude  for  fuel 
economy,  choice  of 
min.  flight  time 
configuration. 

2.  Can  effect  available 

1.  Can  effect  available 

payload 

payload 
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WMthar  Parameter 


Potential  Effect  of  Inadeqiiate  Flight  Planning 


Turbojet 


Propeller 


Accuracy  of  eurface 
temperature  forecaetc 
(cont'd. ) 


Route  Choice(unfavorable 
weather,  turbulent  or 
thunderetorm  areae) 


3.  Muet  bo  available 
aeveral  houre 
prior  to  departure 
for  bad  planning 
purpoeee. 

1.  Can  reiult  in  in- 
creaeed  flying  time 
due  to  decreaeed 
airspeed  through 
turbulence  or  thunder 
etorm  areas. 

2.  Increased  fuel  con¬ 
sumption  due  to 
changing  airspeeds. 

3.  Can  result  in  un¬ 
necessary  passenger 
discomfort  as  well  as 
injury  or  aircraft 
damage. 


2.  Must  be  available  several 
hours  prior  to  departure 
for  load  planning  pur¬ 
poses. 

I 

1.  Can  result  in  increased 
flying  time  due  to  de¬ 
creased  airspeed  through 
turbulence  or  thunder  - 
storm  areas. 


2.  Can  result  in  unnecessary 
passenger  discomfort 
or  injury  as  well  as  air¬ 
craft  damage. 


From  the  above  table,  it  can  be  surmised  that  a  correctly 
planned  flight  can  result  in  maximum  speed,  passenger  comfort,  minimum 
flight  time,  and  minimum  operating  cost.  Some  of  these  factors  are  measure- 
able,  others  are  not. 

Presently  air  earner  turbojet  flights  are  planned  either  by 
electronic  computers  or  manually  from  charts  and  tables  designed  for  ease 
and  speed  of  calculation.  With  both,  hand  tables  or  the  electronic  computer, 
certain  information  is  fed  into  the  machine  or  applied  to  the  tables  to  arrive 
at  the  flight  plan.  This  information  will  include  the  performance  data  of  the 
aircraft  concerned,  planned  payload  and  weight  at  time  of  take-off,  route 
mileage,  temperatures  aloft  and  upper  air  wind  forecast  data  for  the  flight. 

The  use  of  weather  information  is  decisive  in  the  final  accuracy  of  the  flight 
plan. 


-  255  - 


Pr«a«nt  indication*  ara  that  tha  foracaat  mathoda  now 


uaad  ara  raaaonably  aatiafactory  baaad  on  tha  raliability  of  tha  input  data. 

If  tha  waathar  inputa  ara  accurata.  tha  flight  planning  ia  uaually  accurata.  and 
no  improvamanta  can  ba  expactad  in  thia  phaaa. 

Tha  timing  and  fraquency  of  uppar  air  obaervationa,  however, 
repreaent  an  area  of  potential  improvemant.  Preaantly  wind  forecaata  are 
many  houra  old  before  they  are  received  and  proceaaad  into  a  flight  plan.  The 
time  of  day  at  which  theae  aoundinga  are  made  ia  alao  an  important  factor 
in  conaidering  benefita  to  be  raaiiaed  from  thia  aource. 

Preaently  the  upper  air  aoundinga  are  taken  at  12  hour 
interval*  at  00;00Z  and  12:OOZ  (Greenwich  time)  reapectiveiy.  However, 

It  ia  ahown  elaewhere  in  the  report  that  80%  of  the  aviation  activity  takea 
place  between  14:00  and  04:00  Z.  The  flow  of  upper  air  data  from  obaerva- 
tion  to  forecaat  to  flight  plan  time  ia  aa  follow*: 


Obaervationa  taken 

00:00Z 

Obaervationa  received  by 

02:15Z 

forecaater 

Proceaaing  and  Forecaat 

06:15Z 

Uaera  Receive  Forecaat 

07:15Z 

Start  of  Flight  Activity 

14:00Z 

Thia  reaulta  in  a  minimum  delay  of  14:00  houra  up  to  a  maximum  of  26  houra 
between  the  obaervatione  aad  the  actual  flight  uaing  the  information. 

Improvementa  aa  Incorporated  in  the  CAWS  implementation 
plan  atipulata  four  obaervationa  par  day  inatead  of  the  praaent  two.  Thia 
will  reduce  the  time  lag  and  raeult  in  more  timely  inputa  to  tha  flight  planning 
activitiea,  thua  increaaing  the  accuracy  of  flight  plan*.  The  other  main  activity 
which  would  benefit  from  thia  incraaaed  accuracy  of  upper-air  information  ia 
the  ATC  ayatem.  Thia  will  ba  eapecially  pertinent  when  the  weather  aupport 
atation*  to  tha  traffic  control  cantara,  which  are  a  part  of  the  planned  improve¬ 
menta,  ara  implementad. 
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Variation  in  achadula  parformanea  datarminaa  tha  amount 
of  alack  built  into  any  publiahad  achadula.  Convaraaly,  tha  ralativa  tightnaaa 
of  tha  achadula  datarminaa  tha  amount  of  "papar"  dalaya  incurrad  from  oach 
cauaa.  If  achadulaa  ara  looaanad  to  tha  axtrama,  practically  all  dalaya  will  ha 
elimlnatad.  Howavar.  tha  high  coat  of  auch  achadula  axpandlng  aa  ahown  alaawhera 
in  tha  report  proUbita  auch  unraatrainad  manipulation  of  tha  publiahad  achadula. 
Uaually  a  compromiaa  ia  made  batwaan  actual  on>tima  performance  and  the 
publiahad  achadula  time. 

The  variability  of  parformanea  in  air  carrier  oparationa 
induced  by  weather  factora  ia  indicated  by  tha  chart  in  Figure  29.  It  can  be 
aean  that  the  overa  and  undera  cauaad  by  the  indicated  weather  factora  will 
produce  the  preaent  level  of  on>time  porfornnance  when  combined  with  all 
other  factora  which  alao  influence  performance,  auch  aa  traffic  congeation, 
local  weather,  field  conditlona. 

A  reduction  of  any  individual  factor  will  produce  a  new  aet 
of  on*time  arrivala  which  can  be  resolved  into  a  better  performance  or  on 
time  situation;  also  such  reduction  can  result  in  a  tighter  schedule  and  still 
retain  the  present  on  time  arrival  percentages. 

From  the  experiences  of  carrier  meteorological  personnel 
engaged  in  the  operation  of  flight  plan  computers,  it  ia  found  that  inaccurate 
weather  information  inputs  at  present  reault  in  about  20%  "miasea"  in  flight 
plan  computations.  These  "miasea",  which  may  amount  to  as  much  as  15 
minutes  for  a  transcontinental  flight, reault  in  a  less  favorable  on  time 
performance.  Estimates  by  the  same  personnel  indicate  that  half  of  these 
misses  could  have  been  eliminated  had  more  timely  weather  information  been 
available. 

Other  qualified  sources  indicate  that  under  ideal  conditions  with 
perfect  weather  information  available,  75%  of  the  enroute  delays  could  be 
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Hours  (1000)  VuriotiOB  from  Sehodulo 


Schedule  Beae 

Figure  29.  Houra  (1000)  Variation  from  Schedule 


eliminated  by  proper  choice  of  altitude  and  route,  conaideration  being  given  to 
winds,  temperatures,  and  turbulent  areas.  With  the  expected  improvements 
in  forecast  accuracy  it  is  estimated  that  10%  of  the  total  penalties  could  there¬ 
fore  be  eliminated  and  could  be  considered  as  a  benefit. 

Propeller  flights  have  approximately  the  same  wind  infor¬ 
mation  available,  which  is  usually  obtained  from  the  originating  dispatch 
offices.  The  degree  of  error  and  the  increase  in  accuracy  to  be  expected 
would  be  of  the  same  magnitude  as  in  the  case  of  the  turbojets.  Upper  air 
temperature  forecasts  would  have  little  effect  on  the  propeller  driven  aircraft. 
The  table  below  shows  the  total  projected  penalties  and  estimated  benefits 
from  reduction  in  air  carrier  weather  delays. 


Table  69.  Projected  Benefits  Due  to  Reduction  in  Air 
Carrier  In-Flight  Delays  (Million  dollars) 


Item 

1960 

1965 

1970 

msam 

In-flight  Delays, 
Direct  Operating 
Costa 

$6.70 

$15.30 

$23. 10 

$30. 10 

Passenger  Time 

Lost 

$19. 90 

$29. 25 

$45.50 

$65.25 

Total  In-Flight 
Wtiather 

Penalties 

$28. 60 

$44. 55 

$68. 60 

$95.35 

Benefits  (10%) 

$2.86 

$4.45 

$6.86 

$9.54 
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(2)  Air  C>rrUr  D«layi,  Mainf  n*nc« 


The  benefits  to  be  derived  from  e  reduction  in  mainte* 
nance  delays  are  primarily  a  function  of  improved  forecasting. 

As  a  result  of  discussions  with  maintenance  management 
personnel  of  three  major  trunk  carriers,  it  has  been  estimated  that  a  10% 
reduction  in  maintenance  delays  as  a  result  of  the  planned  improvements  would 
be  a  conservative  figure.  This  percentage  is  probably  higher  when  the  twenty 
odd  carriers  are  considered,  which  do  not  have  their  own  meteorological 
departments  and  depend  solely  on  the  more  generalised  aviation  weather 
information  prepared  by  the  U.  S.  Weather  Bureau. 

With  the  10%  estimated  reduction,  the  expected  benefits 
in  maintenance  delays  are  presented  in  Table  70. 

Table  70.  Estimated  Maximum  Possible  Benefits  Due  to  Reduction 
in  Maintenance  Delays  (million  dollars) 


Itsm 

1960 

1965 

1970 

1975 

Total  Maintenance 
Penalty 

$8.73 

$11.26 

$13.05 

$14.  20 

Estimated  Benefit 
(10%) 

$  .87 

$1.  13 

$1.30 

$1.42 

d.  Alternate,  Contingency  and  Pilot's  Contingency  Fuel 


(1)  General 

The  greater  portion  of  the  contingency  and  alternate 
fuel  carried  is  directly  proportional  to  the  lack  of  confidence  of  the  operating 
personnel  in  the  forecasting  of  weather  parameters  affecting  the  flight. 

Secondary  considerations  are  air  traffic  control,  field  conditions  at  ths  destination, 
variable  aircraft  engine  performance  and  other  unpredictable  factors. 
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Th«  iangth  of  tha  flight  and  tha  typa  of  waathar  to  ba 
axpactad  influanea  tha  pilot* a  daciaion  on  altarnata  aalaction.  On  a  longar 
flight  ha  ia  mora  apt  to  nama  an  altarnata  avan  though  tha  waathar  may  ba 
wall  abova  minimuma.  Aiao  tha  proximity  of  the  foracaat  waathar  at  tha  daa* 
tination  tarminai  to  tha  conditiona  actually  requiring  an  alternate  will  Influence 
the  pilot* a  daciaion  to  nama  an  altarnata. 

Specific  weather  parametara  which  may  lead  to  a 
requeat  for  additional  fuel  load  raaarve  are  winda  aloft  and  temperaturea  at 
cruiaing  altitudea.  A  wall  calculated  flight  plan  can  turn  out  to  ba  inaccurate 
when  the  route  liea  cloae  to  Jet  atraama,  atrong  preaaure  ridgea.  trougha, 
and  atrong  winda  in  general.  In  euch  caaea  a  alight  shift  of  these  features  during 
the  foracaat  period  can  produce  large  affacta  with  respect  to  head  and  tail  wind 
componenta. 

Thaea  uncartaintiaa  call  for  an  extra  fuel  pad  which  is 
fully  Justifiable  in  the  preaant  atata  of  the  art.  A  "miaa"  on  a  flight  plan  which 
calls  for  strong  tailwinds  must  be  covered  by  a  Jet  either  by  climbing  to  higher 
altitudes  for  fuel  conaervation  or  by  carrying  an  additional  fuel  pad.  Thunder* 
storm  activity  alao  adds  uncertainty  and  may  require  a  detour  or  reduced  speed. 

The  eelection  of  a  relatively  high  cruising  altitude  for 
the  flight  plan  may  also  require  additional  reserve  fuel.  Should  this  altitude  be 
unavailable  because  of  ATC  conflicts  or  for  other  raaaons,  tha  fuel  conaumption 
would  exceed  that  planned,  making  a  reserve  necessary. 

In  addition  to  those  alternate  terminals  specified  on 
the  basis  of  pure  weather  requirements,  an  alternate  must  be  nannd  in  the 
event  of  certain  terminal  runway  conditions,  such  as  single  runway,  icy  or 
slippery  runways,  etc.  Some  20%  of  the  total  turbojet  flights  required  such 
an  alternate^  in  addition  to  the  alternates  required  for  weather  reasons  only. 

This  amount  is  not  Included  in  the  total  weather  alternate  fuel  penalty. 

^United  Air  Lines  data  September,  1961,  LAX  Departures,  (1500  flights)  20% 
named  single  runway  alternates.  This  segment  is  exclusive  of  weather  alternates. 
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Th«  factor*  affocting  altornata  and  contingency  fuel 


requiremonte  are  listed  in  the  table  below: 


Alternate  Fuel 

Standard  Continf  eney  Fuel 

Pilot  Continsency  Fuel 

"■Terminal  weather 

"■Variance  in  enroute  tempera- 

"■Confidence  in  forecast 

vs.  landing  mini* 

tures 

mums 

"■Potential  thunder- 

"■Variance  in  enroute  winds 

Length  of  flight 

storms  in  terminal 

aloft 

areas 

Single  runway  at 

Engine  performance 

*Imminent  adverse 

terminal 

ATC  requirements 

weather  near  time 

of  arrival 

"■General  type  of 

"■Enroute  thunderstorms 

Experience  with  aircraft 

weather  in  terminal 

typo 

area 

Flight  plan  based  on  high 
altitude 

Flight  plan  based  on 

"■Flight  plan  baaed  on  strong 
tailwinds 

high  altitude 

"■Flight  plan  based  on 

^Presence  of  jet  streams  , 
pressure,  troughs,  ridges 
enroute. 

strong  tailwinds 

"■Weather  factors  considered  for  this  report 


(2)  Alternate  Fuel  Requirements 

Terminal  weather  forecasting  and  its  accuracy  play 
an  important  part  in  the  total  reserve  fuel  costs.  Forecasts  of  probable 
thunderstorms  and  the  possibility  of  marginal  coiling  and  visibility  in  the 
terminal  area  are  the  primary  weather  reasons  for  carrying  alternate 
fuel. 


.  262  . 


I 


1 

I  ^See  page  41 . 


•  Thunderatorma 

Tha  availability  of  complata  ground  waathar  radar 
at  tha  tarminal,  couplad  with  tha  airborne  obaarving 
equipment  would  virtually  alitninata  tha  need  to 
carry  alternate  fuel  due  to  the  poaaibility  of  thunder¬ 
storms  in  the  vicinity  of  the  destination  terminal. 

Of  all  flights  requiring  the  naming  of  an  alternate 
only  1/2%  specify  terminal  thunderstorms  as  the 
weather  factor.  Thus,  the  effect  of  better  thunder¬ 
storm  information  in  reducing  the  carriage  of 
alternate  fuel  has  been  treated  as  negligible. 

•  Ceiling,  Visibility 

Terminal  weather,  primarily  ceiling  and  visibility, 
is  the  most  important  weather  factor,  affecting 
the  naming  of  an  alternate  for  the  IFR  flights. 

In  the  reserve  fuel  penalty  analysis^  it  was  found 
from  the  conservative  Chicago  sample  that  56% 
of  the  total  propeller  aircraft  and  62%  of  the 
^  turbojets  carried  alternate  fuel.  The  weighted 
total,  combining  turbojet  flights  and  propeller 
aircraft  flights,  was  computed  at  57%  for  1960. 
Actually  the  shift  will  be  towards  jet  aircraft 
in  the  15  year  period  ahead  which  will  put  the 
percentage  closer  to  the  62%  mark. 

In  order  to  arrive  at  the  percentage  of  IFR 
flights  where  alternate  fuel  was  actually 
required  and  where  alternate  fuel  was  carried 
unnecessarily  in  the  light  of  subsequent  weath  r 
verification,  the  results  of  a  recent  forecast 
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vcfiflcktioa  have  b««a  amployad. 

Th*  BtiMly  ttM*  all  tha  hourly  tormiaal 
woadMr  obiarvatioas  from  21  major 
tormiaala  for  tha  ealaadar  yaara  1958,  1959, 
aad  1980. 

Foraeaata  wara  cbaeka4  for  tha  0, 3,  6,  and  12th 
hour  af  tha  foracaat  pariod  whan  at  aomatima  dar> 
inf  tha  foracaat  pariod  a  coiling  of  1500  foot  and 
a  viaibility  af  5  milaa  or  laaa  waa  obaarvad. 

Tabla  71.  Daacription  of  Foracaat  Catagoriaa 


Category 

Condition 

ViaibiUty  (nd) 

CaiUng  (ft) 

I 

Below 

minimuma 

V<  1/2 

cig  «  200 

n 

LowlFR 

1/2«V«1 

200^eig«500 

m 

High  IFR 

1<V«3 

500jt  cig  .r  1000 

IV 

Low  VFR 

3-cv<5 

1000^  cig  <1 500 

Tha  avoraga  pareantagaa  of  correct  foraeaata,  or 
"hita"  arhara  tha  actually  ancountarad  terminal  weather  corraapondad  to  tha 
foracaat  within  tha  limita  apacifiad  in  tha  tabla  above  for  21  nationwide  atationa, 
were  aa  followa: 

Average  Percent  Correct 


0  hour 

49.4 

3rd  hour 

31. 1 

8th  hour 

24.2 

12th  hour 

19.0 

From  thaaa  average  pareantagaa  of  correct  foraeaata  it  can  be  aaan  that  tha 
6  hour  foraeaata  wara  found  to  be  correct  only  24. 1%  of  tha  time  and  tha  12 

Karr,  R.  E. ,  Jr. ,  Thomp  aon,  J.  R. .  and  Elliott,  R.  D. Quantitative  Aaaaaamant 
of  tha  Parformanea  Charactariatica  of  tha  Airwaya  Terminal  Foracaating  Syatam" 
Aaromatric  Raaaarch,  Inc. ,  April  15,  1982 
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hour  fortcatts  only  19%  of  tho  timo.  Thus,  tho  dociaioni  at  to  tht  carrying 
of  altamata  fuel,  which  art  primarily  tnada  from  6*12  hour  foracattt, 
art  bated  on  inputt  which  have  btan  thown  to  ha  incorrect  at  laatt  75% 
of  the  time  or  three  timea  out  of  four.  The  effect  of  thit  uncertainty  hat  lad 
the  carriart  to  build  many  expantive  operational  "hedget"  into  their  flighta. 

It  hat  alto  led  to  the  Federal  rule  that  alternate  fuel  it  re<|uired  when  two  hourt 
prior  to  and  two  hourt  after  the  aetimated  time  of  arrival  at  the  daatination 
terminal,  the  ceiling  it  forecaat  to  bo  lata  than  minimum  approach  altitude  plue 
1000  feet.  Thla  legal  "pad"  of  1000  feet  ahove  minimum  approach  altitude 
leada  to  an  average  minimum  ceiling  at  the  21  national  airporta  templed  of  2400 
feet.  If  ceilinga  ere  foreceat  to  be  below  thit  value  et  12  hourt  from  eatimeted 
time  of  errivel,  eltemete  fuel  it  legally  required. 

In  catee  where,  according  to  a  terminal  forecaat 
embracing  Categoriea  I  to  IV,  alternate  fuel  wet  required  to  be  carried, 
inveatigation  reveala  that  66%  of  tho  arrivala  wore  under  conditiona  where 
alternate  fuel  waa  not  actually  needed.  It  will  be  noted  that  Categoriea  I 
to  IV  Include  only  ceilinga  of  1500  feet  or  leea.  Had  thete  categoriea  been 
extended  to  the  average  legal  ceiling  minimum  of  2400  feet,  at  leaat  80% 
of  the  flighta  need  not  have  carried  alternate  fuel. 

The  map  in  Figure  30  ahowa  the  locationa  of  18 
of  the  atationa  from  which  the  aamplinga  were  made.  In  the  bar  grapha  the 
left  bar  indicatea  the  number  of  time  when  alternate  fuel  waa  required  accord¬ 
ing  to  the  forecaat  and  the  right  bar  tho  number  of  timea  when  alternate  fuel 
waa  actually  required  on  the  baaie  of  obaerved  weather  at  arrival  time. 

While  the  aampling  ia  quite  repreaentative  aa  to  area, 
the  terminal  forecaeta  ware  averaged  on  an  annual  baaia  which  doea  not  take 
into  account  diurnal  variationa  of  traffic.  However,  over  e0%  of  all  air  traffic 
takea  place  during  the  daylight  houra  from  8  a.  m.  to  8  p.  m.  For  arrivala 
during  thia  period,  the  atudy  finda  that  the  forecaat  accuracy  ia  aomewhat  leaa 
than  during  the  entire  24  hour  period,  which  rendera  the  aampling  more  conaerva- 
tive. 
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Th«  actual  baaafits  to  ba  raaliaad  from  a  reduction 
in  alternate  fuel  carried  will  reeult  from  one  or  both  of  the  following: 

*  Without  altering  the  legal  "pad"  of  1000  feet 
above  landing,  minimume,  the  accuracy  of 
forecaeting  below  2400  feet  ceiling  conditione 
can  be  innproved. 

e  Ae  a  reeult  of  the  planned  improvemente  in  the 

national  aviation  weather  eervicee,  the  1000  foot  "pad" 
will  be  appreciably  reduced  or  even  eliminated. 

Improvement  in  accuracy  of  forecaeting  ceiling  conditione 
below  2400  feet  ie  not  likely  to  lead  to  any  reduction  in  alternate  fuel.  Dia- 
cueeione  with  operatione  pereonnel  of  eeveral  major  air  carriere  revealed  that 
generally  an  extremely  high  credibility  will  have  to  be  achieved  for  forecaete 
of  marginal  terminal  conditione  before  any  appreciable  reduction  in  the  deeigna- 
tion  of  alternate  terminale  will  take  place.  Thie  will  required  forecaeting 
accuraciee  in  the  neighborhood  of  95%,  which  are  not  likely  to  be  reached  in 
the  next  few  yeare.  Thue  for  thie  firet  caee  we  will  aeeume  a  potential  reduction 
in  alternate  fuel  penaltiee  of  5%. 

The  eecond  poeeibility,  involving  the  reduction  or  elimination 
of  the  altitude  "pad",  will  reeult  in  an  elimination  of  80%  of  the  preeent  alternate 
fuel  penalty.  Theee  two  caeee  lead  to  two  potential  benefit  limite,  a  lower  limit 
of  5%  of  the  penalty  and  an  upper  limit  of  80%  of  the  penalty.  Table  72  below 
■howe  the  projected  dollar  valuee  of  theee  benefit!  for  the  period  I960- 1975. 


Table  72.  Potential  Benefite  from  Reduction  in  Alternate 
Fuel  Penalty  (million  dollare) 


(3)  Continfncy  Futl 


Thit  r«s«rv«  pad  aa  pravioualy  diacuaaad  ia  a  blankat 
amount  of  fual  earriad  on  aach  flight  for  numaroua  unforaaaan  avantualitiea, 
uaually  a  minimum  of  4000  Iba.  Waathar  aecounta  for  tha  majority  of  thaae 
poaaibilitiaa.  Howavar,  thla  raaarva  probably  will  navar  ba  complately 
eliminat  ad,  Expariancad  plannara  aatimata  that  25%  of  thia  fual  pad  can 
evantually  bo  aliminatad  with  increaaad  confidanca  on  tha  part  of  the  pilota 
and  diapatchara  in  terminal  and  enrouta  waathar  foracaata,  aa  well  aa  in- 
creaaed  operating  exparianca  with  tha  flight  equipment. 


Table  73.  Potential  Benefita  from  Reduction  in 
Contingency  Fuel  (Million  Dollara) 


Item 

1960 

1965 

1970 

1975 

Total  Contingency 
Fuel  Penalty 

$1.80 

$15.00 

$28. 70 

$42.  70 

Contingency  Fuel 
Benefits 

0,45 

3.75 

7.  17 

10.67 

(a)  Pilot  Requeated  Contingency  Fuel 

This  reaerve  fuel  requested  by  the  pilot  of  the 
flight  can  readily  be  eliminated  by  increased  accuracy  of  forecasting,  better 
observations,  and  primarily  by  faster  communications  (i.e.,  pilot-forecaster). 
These  costs  are  therefore  considered  as  potential  benefits  in  their  entirety. 


Table  74.  Potential  Benefits  from  Reduction  in  Pilot  Requeated 
Contingency  Fuel  Penalty 


Item 

1960 

1965 

1970 

1975 

Pilot  Requested 
Contingency 

Fuel  in  Millions 
of  Dollars 

$0.41 

$6.49 

_ 

$9.52 
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In  tanning  up  tht  tetnl  nntinnttd  btnafitt  to 
bt  dtrtvtd  fren  n  rtdoetion  in  tbn  rttnrvt  fanl  pnnnltita,  tbt  iownr 
nnd  ttpptr  Unita  nra  liatad  barn  for  tha  paripd  1960-1975. 


Tabla  75.  Total  Zatinatad  Banafita  fron  Radnetion  in 
Altamata  and  Coatingancy  Foal  (niUiond>llart) 


Itan 

1960 

1965 

1970 

1975 

Altamata  Loarar  Valua 

$.24 

m 

Uppar  Valua 

3.92 

Bm 

Continganey  Faal 
Banafit 

.45 

3.75 

7. 17 

10.67 

Pilot*  a  Continganey 
Fual  Banafit 

.41 

3.40 

6.49 

9.52 

TOTAL  BZNZriT 
LOWER  VALUE 

1.10 

8.17 

15.51 

22.89 

TOTAL  BENEFIT 
UPPER  VALUE 

4.7S 

23,47 

43.26 

63.39 

Tabla  76.  Samniary  of  Maxinum  Potantial  Banafita, 
Air  Carriara 


Itan 

1960 

1970 

1975 

Diveraiona 

1.89 

4.  37 

Cancallationa 

1.85 

6.00 

Oalaya 

2. 86 

4.45 

9.54 

Maintananca 

0.87 

1.13 

1.42 

Altamata  and 
Continganey  Fual 

1.10 

8.17 

15.51 

22.89 

Totala 

8.57 

18.98 

31.40 

44. 22 
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3* 

a.  Graarat  ConaidaratloBi 

Potmtial  banaflts  to  ba  axpactad  from  a  more  complata 
utlliaation  of  waathar  aarvicaa  by  tha  ATC  syatam  can  ba  eitimated  from 
tha  weathar-indttcad  panaltiaa  praviously  calculated.  It  ahould  be  noted 
that, for  the  moet  part,  thaee  panaltiee  are  not  neceaearily  impoeed  on  the 
■yetem  or  the  ueere  becauee  of  the  weather  iteelf  but  rather  becauee  of  the 
fact  that  weather  information  ie  not  proeently  incorporated  into  the  opera¬ 
tion  of  the  ATC  eyetem. 

A  previoue  part  of  thie  etudy  examined  the  total  ATC 
delaye  impoeed  upon  tha  ueara  of  the  eyetem  and  the  economic  penalty  euffer- 
ed  becauee  of  theee  delaye.  The  delaye  include  euch  non-weather  para- 
metere  ae  traffic  congeetion  induced  by  trip  echeduling,  airway  congeetion, 
availability  of  airway  altltudae  and  routee,  navigational  aide,  reetricted 
areae,  capacity  of  terminal  areae  for  receiving  inbound  aircraft  or  for 
releaeing  departing  aircraft. 

ATC  weather  delaye  by  definition  will  include  any  changee 
of  routing e  or  altitudee  becauee  of  wind  conditione  aloft,  turbulence,  preeence 
of  thunder etorme,  reduced  airepaed  or  ground-epeed  becauee  of  weather 
factore,  reduction  of  available  altitudee  becauee  of  the  preeence  of  icing 
layere,  mieeed  eetimatae  and  added  updatinge  becauee  of  unexpected  winde 
aloft  conditione,  mieeed  approachee  becauee  of  unforeeeen  adveree  weather 
conditione  in  the  approach  areae,  terminal  conditione  affected  by  weather, 
ae  well  ae  divereione  to  alternate  terminale. 

The  weather  effecte  on  the  eyetem  and  on  the  ueere  of  the 
eyetem  are  analysed  eeparately  for  each  activity  to  determine  the  potential 
benefite  poeeible  from  incorporating  weather  eervicee  into  the  ATC  eyetem 
and  from  the  utilisation  of  such  weather  information  both  by  the  present 
control  eyetem  and  by  tha  ATC  system  planned  for  the  future. 
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b.  ATC  Systsm 


At  present  the  uee  of  weather  information  and  weather 
■ervicee  in  the  ATC  lystem  ia  limited.  Only  two  centers,  Washington, 

D.  C.  and  Kansas  City.  Mo.  are  supplied  with  weather  support  by  the 
experimental  pilot-to*forecaster  services.  These  represent  a  move 
toward  introducing  more  weather  information  into  the  ATC  system. 

A  list  of  the  penalties  suffered  by  the  ATC  system  due 
to  non-use  of  weather  information  is  given  below; 

•  Increased  workload  due  to  flight  plan  changes 
caused  by  adverse  weather  conditions,  or 

lack  of  knowledge  of  current  weather  conditions. 

e  Increased  personnel  requirements  due  to  peak 

workloads  induced  by  critical  weather  situations. 

•  Decreased  efficiency  of  the  traffic  control  system 
due  to  increased  workload  or  the  inability  of  the 
system  to  perform  its  assigned  mission  to  the 
optimum  extent. 

e  Increased  possibility  of  errors,  thereby  decreas¬ 
ing  the  reliability  and  capacity  of  the  ATC  system. 

•  Missed  approaches  due  to  inaccurate  weather  ob¬ 
servations  and  forecasts  resulting  in  an  increased 
controller  workload. 

e  Standard  routings  are  presently  used  without 
coneideration  of  weather  information  until  the 
flights  involved  encounter  unforeseen  weather 
conditions  and  changes  of  flight  plans  are  requested 
by  pilote.  This  situation  results  in  additional  work¬ 
load  for  the  controllers. 
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•  Dia  to  Inadoquoto  knoorlodgo  gf  torminal  wMthov. 
flight  pUno  of  divoraiOBi  to  oltonuto  tormiaaU 
nmiat  bo  procooood  oftor  tho  divoraion  la  iaitiatod, 
which  roaulta  la  pooh  workloada  for  tho  coatrollor. 

•  Squall  liaoa.  thuadoratorm  activity,  turbuloaco, 
aad  iciag  layora  caa  all  produce  raquoata  for  flight 
plaa  chaagoB  with  a  raaultiag  iacroaao  ia  workload. 

•  For  flaal  approachaa  aad  laadiaga,  or  tako>offa 
aad  doparturoa,  lack  of  woathor  kaowlodgo  caa 
iaduco  addltioaal  workload  aad  docroaao  tho 
capacity  of  tho  ATC  ayatom  to  accomodato  the 
traffic.  Critical  woathor  paramotora  iacluda 
coaditioaa  ia  tho  approach  aroaa,  acud  oa  tho  field, 
patchy  grouad  fog,  uauaual  wiad  coaditioaa,  turbu- 
loaco,  wiad  ahoara,  diroctloa  aad  velocity  of  aurfaco 
wiada,  affect  of  jot  or  prop  waah  oa  laadiag  aircraft, 
blowiag  duat,  aad  other  a. 

•  Field  coaditiOBa  auch  aa  icy  or  wot  ruawayo  roault 
ia  aloW'dowB  of  traffic  acceptance.  Advance  know* 
ledge  of  thoao  conditiona  will  facilitate  planning, 
thereby  reducing  the  controller*  e  workload. 

•  Lack  <Bt  radar  Infonnatioa  on  thunder atoran  activity 
leada  to  inefficient  routing  of  departing  and  arriviag 
traffic  thua  impoaiag  aa  added  burden  on  the  controller* a 
workload. 

That  theae  paaaltiea,  cauaed  by  lack  of  uae  of  weather  inforana 
tioa,  are  real  aad  occur  frequeatly  withia  the  air  traffic  control  ayatena.  ia 
attaated  to  by  auaaeroua  actual  oxaaaplea.  Oae  typical  caae  anay  be  cited  where 
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a  Um  aquaU  Uy  across  a  iMavy  traffic  routs  vary  class  to  tho  goasral 
point  of  start  of  doscont.  Tho  lino  was  not  forocast  nor  was  its  location 
known  or  forwarded  to  tho  flights  ontoriag  tho  area.  Each  flight  approach* 
ing  tho  aroa  had  to  roquost  a  chaago  of  flight  plan  involving  an  oxtonoivo  dotour 
in  tho  vicinity  of  tho  torminal  aroa  whsro  thsra  woro  also  namorous  doparturoa 
as  wall  as  arrivals.  Each  of  tho  eight  air  carrier  flights  involved  during  this 
period  oMids  the  request  and  was  processed  individually  and  roroutod.  Had 
tho  location  of  this  squall  lino  boon  known  and  tho  information  utilised,  tho 
rerouting  could  have  boon  routine,  planned  well  ahead,  flying  time  would 
have  boon  saved  and  tho  workload  of  tho  controllers  considerably  reduced. 

A  similar  example  involved  an  ATC  Center  centrally  located 
with  heavy  Jet  "over"  traffic.  A  thunderstorm  situation  developed  rather 
rapidly  involving  about  1860  miles  of  high  altitude  Jet  airways  within  this 
center.  Although  the  activity  was  forecast,  it  becama  more  extensive 
than  expected  and  spread  rapidly  acrosa  three  major  oast*weet  Jot  airways. 

The  increased  thunderstorm  activity  required  extensive  reroutings  and  altitude 
changes.  For  a  period  of  30  minutes  there  were  at  least  eleven  civil  Jets 
involved,  moat  of  which  required  some  flight  plan  changes.  The  communications 
and  control  system  bogged  down  during  this  period  because  of  the  increased 
demands  on  the  system.  One  Jet  was  forced  to  reverse  course,  another  re* 
quirod  to  accept  a  low  altitude,  thereby  encroaching  upon  his  fuel  reserves, 
and  another  Jet  was  unable  to  proceed  past  a  radio  fix  for  at  least  15  minutes. 

The  average  delay  for  all  but  the  very  high  flights  was  10  minutes.  Had  tho 
radar  weather  depiction  facilitiee  been  incorporated  into  the  ATC  eystem  and 
the  information  used  in  this  case,  all  but  two  of  the  affected  flights  could  have 
been  rerouted  in  advance,  since  Utey  were  relatively  long  range  flights  whore 
detours  would  not  have  affected  the  flying  tinoes  appreciably. 

Another  example  is  the  presence  of  icing  layers  in  clouds. 
Without  knowledge  of  the  cloud  tops  in  such  cases,  it  is  not  uncommon  for  the 

controller  to  assign  a  number  of  trips  to  altitudes  Just  short  of  tho  tops  in  the 
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arcfti.  tlMrcby  wipotiaf  tha  aircraft  to  iclaf  eoaditionc.  This  gonorateo 
additioaai  roqaocta  for  altitude  changoa  aad  iacraaaaa  tha  controllar'  ■ 
workload. 

Xt  waa  found  that  6%^  of  all  tha  praaant  poatinga  which  make 

up  tha  coatroilar'a  workload  are  duplicationa  cauaodby  auch  weather  aituationa. 

With  adequate  wearier  aupport.  thie  manpower  can  be  directed  towarda  the 

control  of  new  aircHft  in  tha  control  aone  and  the  duplication  eliminated.  Thia 

conatitutea  a  direct  gain  which  can  be  tranalated  into  a  dollar  figure.  From  a 

2 

atudy  conducted  by  tha  Franklin  Inatitute  on  ATC  Activitiea  the  eatimated  coat 
of  traffic  control  functiona  and  clearance  proceaaing  for  the  year  1960  waa 
$118,  678, 000.  Applying  the  above  percentage  to  thia  total  expenditure  reaulta 
in  a  $7,  100,  000  benefit,  realised  in  the  form  of  more  efficient  operation  of  the 
ATC  ayatem. 


A  projection  of  thie  value  to  the  IS  year  period  ahead,  baaed 
on  the  number  of  IFR  houra,  ia  preaented  in  Table  77. 

Table  77.  Projected  Dollar  Benefita  to  the  ATC  Syatem  Itaelf 


Item 

1960 

1965 

1970 

1975 

Number  of  IFR 

Flights^  (1000) 

3, 687 

4,532 

5.788 

7.  332 

Average  time  per 

Flight  in  Hours^ 

1.25 

1.  13 

1.  03 

.  99 

IFR  Hour e  (1000) 

4,  600 

5.  130 

5.970 

7.288 

Benefita  to  ATC 

$7.  10 

$7.95 

$9.  20 

$11.  20 

^See  pg.  147 

^"Flight  Strip  Update  Inveatigation”,  The  Franklin  Inatitute,  Philadelphia,  Pa.  1959 
^Ref:  Forecast  of  Annual  Flight  Activity  in  CONUS,  1960-1975  FAA,  Sept.  1961 
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c.  Uavra  of  tho  ATC  Systam 

Tha  lack  of  waathar  information  availabla  to  tha  ATC  ayatam 
impoaaa  apacific  panaltiaa  on  tha  uaara  of  tha  ayatam;  tha  ganaral  aviation  float, 
the  air  carriara  and  ihilitary  aviation.  Thaaa  panaltiaa  aro  primarily  com- 
poaod  of  dolaya.  tha  main  cauaaa  of  which  ara  liatad  balow: 

*  Waathar  datours  bacauaa  of  thundoratorm  activity, 
turbttlanca,  icing  can  raault  in  addad  flying  tima  if 
not  prO'plannad, 

•  Flying  timaa  during  departure  or  arrival  tima  a  can  be 
incraaaad  if  an  ATC  aoloctad  routing  ia  blocked  by 
waathar  conditiona. 

*  Inatrumant  landinga  can  raault  in  miaaad  approachaa 
whan  advaraa  croaa  winda  or  turbulence  ara  encounter-- 
ad  in  tha  approach  area.  Thaaa  raault  in  addad  flying 
tima  and  poaaibly  unnacaaeary  divaraiona  to  altamata 
tarminala. 

•  Radar  vectoring  on  tha  part  of  ATC  bocomaa  relatively 
more  inaccurate  under  adverae  wind  conditiona.  Thia 
raaulta  in  unaatiafactory  approachaa. 

a  Approach  and  departure  control  paraonnal  not  equipped 
with  waathar  radar  will  often  direct  aircraft  into  advaraa 
weather  conditiona  cauaing  paaaangar  diacomfort,  lead¬ 
ing  to  added  flying  tima  and  poaaibla  damage  to  the  air¬ 
craft. 

a  Lack  of  information  on  tha  aurfaca  conditiona  of  runwaya 
can  dacraaaa  tha  acceptance  rata  of  tha  terminal. 
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FtOURE  31.  ORAPH  OF  PROJECTED  DOLLAR  BENEFITS 

TO  THE  ATC  SYSTEM 
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Tha  paramatara/phanomana  aoooeiatad  with  thaaa  dalaya 

wara  axaminad  by  axparianead  aviation  mataorologiata  and  oparationa 
paraonnal  and  aatimatad  to  ba.in  ordar  of  importanca: 

a. 

Viaibility/Cailiaf  (including  low  aeud) 

b. 

Thundarotorma  (aquallo) 

c. 

Cloud  topa  and  baaaa 

d. 

Wind,  aurfaca  and  approach  aona 

a. 

Turbulanca 

f. 

Layara  of  Icing  (including  fraaaing  rain) 

VilibiUty/CalllBg  was  eonaidarad  of  major  importanca 
bacauaa  of  Ita  affaet  on  aeeaptaaca  rata  and  alao  baeauaa  of  traffic  floor 
diaruptiona  connactad  with  raiaaad  approaehaa  and  divaraiona.  Thundar* 
atorma.  cloud  baaaa  and  topa,  and  wind  wora  alao  Uatad  aa  of  major  im> 
portanca.  Turbulanca  and  icln|  layara  wara  conaldarad  to  ba  of  ralativaly 
minor  Importanca.  Tha  major  and  minor  labala  raault  from  an  unwillinfnaaa 
to  put  a  apaclfic  parcantaga  of  total  affaet  on  aaeh  itam.  fccb  valuaa  would 
bo  too  aubjaetiva  wharaaa  elaaaification  in  two  eatagoriao  can  ba  nmda  with 
conaidarabla  aaouranca. 

Each  itam  waa  than  axaminad  in  an  attampt  to  datarmina 
whathar  improvamanta  in  information  would  raduco  or  aliminata  air  traffic 
dalaya: 

a.  Viaibility/eailing  •  Improvad  obaarvationa  and  foracaata 
will  anabla  tha  controUar  to  plan  ahaad  and  thua  raduca 
aoma  dalaya.  Howavar,  tha  majority  of  tha  dalaya  occur 
undar  marginal  eeadltieaa  whan  tha  natural  rapid 
variationa  in  coiling  and  viaibility  may  eauaa  tham  to 
fluctuata  abova  and  balow  minimumo.  Xvan  if  thaiaa 
fluetuationo  could  ba  foracaat,  tha  calling  and  tha 
raducad  viaibility  otill  oxiat  and  will  eauaa  dalaya. 
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b.  Tbiuid«r«tems  •  Thaadaratornta  ara  diaerata  phaao* 
mana  whleb  can  ba  avoidad,  givaa  fovakaowladga  of 
thair  location,  axtaat  and  movamant.  Incraaaad  uaa 
of  waathar  radar  and  improvad  comnmnieationa  ahouid 
raanlt  In  a  major  raduetion  in  dalaya  dua  to  thia  eauaa, 

e.  Cloud  topa  and  baaaa  •  Tha  incraaaad  numbara  and  mora 
rapid  availability  of  pilot  raporta  which  will  raault  from 
implamantation  of  tha  pilot>to>foraeaatar  ayatam  ahouid 
prodttca  a  major  raduetion  in  dalaya  in  thia  catagory. 

d.  Wind,  aurfaea  and  approach  aona  •  Improvad  ahort- 
ranga  tarminal  foraeaata  will  anablo  tha  controller 

to  plan  ahead  and  arrange  hia  traffic  in  auch  a  manner 
aa  to  reduce  tha  atfact  of  aurfaea  wind  ahifta. 

Information  on  atrong  croaa-winda  and  wind  aheara 
in  tha  approach  aona  from  inbound  pilota,  communicated 
to  tha  auccaeding  aircraft  ahouid  reduce  delaya  due  to 
thia  eauae. 

e.  Turbulence  •  Again,  introduction  of  the  pilot>to-forecaater 
ayatem  ahouid  produce  better  and  more  timely  information 
on  turbulence  and  a  reduction  in  delaya. 

f.  Icing  layera  and  freeaing  rain  -  Increaaed  availability  of 
pilot  raporta  will  raault  in  improved  information  aa  to 
theae  weather  haaarda.  However,  theae  are  wide-apread 
phenomena  and  little  reduction  in  traffic  delaya  in  thia 
category  ia  anticipated. 

Taking  into  account  tha  importanca,  frequency  and  poaalbility  of 
improvement  in  each  of  theae  aix  categoriea,  a  conaidered  Judgment  waa  reached 
that  at  laaat  50%  of  the  waathar  dalaya  could  ba  eliminated  by  the  planned  improve- 
menta  in  tha  aviation  weather  ayatqm.  Thia  amounta  to  5%  of  the  total  ATC  delay. 
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TabU  78  praaanta  tha  total  dalay  panalty  iacurrad  by  tha 
thraa  uaara  of  tha  ATC  ayatam.  projaetad  through  1975,  and  tha  potantial 
benafita  to  ba  raalisad.  Tha  lowar  valuaa  ara  baaad  on  aatimataa  in  thia 
report  while  tha  highar  valuaa  conatituta  aatiniataa  from  Unitad  Reaaarch, 
Inc. 


Table  78.  Eatimatad  Maximum  Potantial  Banafita  Through  Raduction 
in  ATC  Syatam  and  Uaar  Panaltiaa  dua  to  Waathar  Cauaaa 
(Million  Dollara) 


1  Item  1 

1960 

1965 

1970 

1975 

ToUl  * 

ATC  Uaer 
Penaltiea 

Lower 

Value 

Praaent 

Raport 

$7.85 

$12.01 

$16.70 

$21.39 

Higher 

Value 

(URl 

Eatimata) 

11.0 

16.40 

21.80 

26. 00 

Benefit  a 
From 
Reduction 
in  Uaer 
Penaltiea 

Lower 

Value 

3.93 

6.01 

8.35 

10.70 

Higher 

Value 

5.50 

8.20 

10.  90 

13.00 

Benefita 
to  the 

ATC 

Syetem 

Itself 

7.  10 

7.95 

9.  20 

11.20 

Tot4tl 

Benefitf 

Lower 

Value 

11.03 

13.96 

17.55 

21.90 

Higher 

Value 

12.60 

16.  15 

20. 10 

24.20 

See  Table  56,  pg.  168 
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ESTMMTCO  BENEFITS  M 


YEAR 


FIGURE  32.  TOTAL  ESTIMATED  BENERTS  TO  THE  ATC  SYSTEM 
AND  SYSTEM  USERS  DUE  TO  IMPROVEMENTS  IN 
THE  NATIONAL  AVIATION  WEATHER  SERVICES. 
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C .  NET  BENETIT  ANALYSIS 


1.  Otarml  Co«<14«f>tien» 

Public  Mpcaditurca  ecn  be  cvcluatcd  by  »  eomperiaon  between 
beaeflte  end  eeete.  The  ecenemie  deelrebiUty  of  eny  new  project  le 
eommoaly  meecured  in  terma  of  the  retami  to  be  reelieed  over  e  given 
period  of  time.  Moreover,  the  mnrgiael  productivity  of  reeourcee  for  e 
pertiettler  project  ehould  be  at  leeet  equal  to  or  greater  than  the  benefite 
from  other  project!.  While  thie  ia  a  primary  factor  in  the  determination 
of  funding  for  a  epecific  project,  certain  budgetary  eonetrainta,  the  amount 
and  availability  of  moniea,  can  be  of  equal  aignificance. 

In  order  to  provide  government  agenciea,  engaged  ia  the  expen* 
diturea  of  public  funda,  with  a  valid  yardatiek  for  meaauring  tha  daairability 
and  effeetivaaeaa  of  planned  expenditurea,  the  "atream"  of  benafita  to  be 
realiaed,  and  in  particular  the  atream  of  net  benefite  (benafita  lea  a  coata) 
accruing  ever  the  life  of  the  project,  muat  be  brought  back  to  the  preaent  and 
through  aummation  combined  into  one  repreaentative  dollar  value.  Similar¬ 
ly,  the  atream  of  capital  expenditurea  and  inveatmente  muat  ba  brought  back 
to  a  "preaent  value".  Tha  compariaon  of  the  preaent  value  of  benefite  with 
that  of  the  coata  ia  an  important  meaaure  in  the  evaluation  of  expenditurea  and 
providaa  a  rational  baaia  for  deciaien  makinf  concerning  the  outlay  of  public 
moniea. 

The  method  need  hare  to  aaaaaa  tha  economic  impact  of  tha  im* 
provementa  in  the  national  aviation  weather  earvicaa,  in  accordance  with  the 
CAWS  deaign,  baa  been  widely  employed  in  gevamment  eeonomica  and  haa 
been  diacuaaed  in  numereua  ecenemie  traatiaaa,  a  fairly  eempraheaaive  biblio¬ 
graphy  of  which  may  ba  found  ia  rafaranea.  ^ 

The  dollar  banefita  from  and  coata  of  the  improvomonta  in  the 
national  weather  earvicaa  have  bean  eomputod  for  each  year  of  the  period  in 

"Public  Xntarpriao  Icenemica  and  Traaapert  Preblemc"  by  Tlllo  E.  Kuhn, 
Univeraity  of  Callfomla  Preea,  Lea  Angaloa,  1962 
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quaation  in  thaaa  thra*  eatagosiaa:  capital  lavaatnaat  ia  aquipmant, 
oparatiag  eoata  iaeladinf  paraeaaal  and  maintanaaea  axpandlturaa, 
and  aatiiaatad  dollar  banafita. 

Aa  a  aaxt  atap  tha  aat  baaafita  warn  datamlnad  by  aub> 
tractiag  oparatiag  eoata  from  total  baaafita  for  aacb  yoar.  Tha 
praaaat  valuaa  of  thaaa  not  baa^ita  wara  caleulatad  and  aumiaariaad 
to  obtain  tha  total  aat  baaafit  eompraaaad  into  oaa  maaaiagful  dollar 
figura. 

Finally,  tha  praaaat  valuaa  of  aaeh  yaar'a  capital  iavaat- 
mant  wara  computad  and  aummariaad.  Tha  ratio  of  tha  aum  of  tha 
praaaat  valuaa  of  aat  baaafita  ovar  tha  aum  of  tha  praaaat  valuaa  of 
capital  invaatmaat  providaa  oaa  maaaura  of  tha  acoaomic  impact 
of  tha  atipulatad  improvamaata  in  aviation  waatbar  aupport. 

R 

Whara  R  ~  Baaafit  •  Coat  Ratio 

£B  a  Sum  of  praaaat  valuaa  of  aat  baaafita  (aat  baaafita  ara  dafiaad 

aa  total  baaafita  miaua  operating  and  maintanaaea  coataX 
ZC  a  Sum  of  praaaat  valuaa  of  capital  aquipmant  eoata. 

Tha  iataraat  rata  (6%)  uaad  for  computing  praaant  valua  raflacta 
the  eoata  of  aaaata  uaad  today  comparad  with  aaaata  a  yaar  from  today.  A 
glvan  aum  of  monay  will  hava  grown  by  6%  aftor  a  yaar'a  tima.  Conaaquantly. 
a  futura  axpanditura  or  banafit,  brought  to  tha  praaant.muat  ba  diminiahad 
by  that  aama  annual  intaraat  rata. 

Tha  choaan  rata  of  6%  takaa  into  account  tha  valua  of  capital 
in  altamativa  private  invaatmant  uaaa  and  tha  fact  that  moat  funda  for 
Federal  projacta  ara  ganaratad  by  taxation. 
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Praacnt  value*  of  coats  and  not  boaafits  ara  computed  using  the 

following  formula: 

B  N 
^  “  T 

(1  ♦  rV 

where 

P  s  sum  of  the  present  values  of  costs  or  net  benefits 
N  =  annual  cost  or  net  benefit 
r  *  applicable  interest  rat*  (6%) 

T  3  number  of  years  from  starting  point  (1963) 

The  starting  point  of  the  benefit-coat  analysis  is  the  year  1963, 
baaed  on  the  assumption  that  implementation  of  the  CAWS  will  commence 
during  that  year. 
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2.  PMiaat  Vaitt*  ol  Capital  Inif  tm«at 

Th*  coats  ti  Capitol  Cqulpmaiit  for  tha  yaara  1963 

to  1970  and  tha  aum  of  thair  prasont  valuaa  ara  ahown  in  Table  79.  It  will 
ba  noted  that  after  1970  all  capital  outlaya  roquirad  to  inplamant  tha  CAWS 
daaign  ara  conaidarad  to  ba  completed. 


Table  79.  Cost  of  Capital  Equipment  and  Praasnt  Value  in 

Million  Dollars 


Year 

CAWS  Implementation  I 

Coat  of  Equipment 

Present  Value 

1963 

3.71 

3.71 

1964 

10.83 

10.21 

196S 

17.93 

15.96 

1966 

27.70 

23.27 

1967 

20.61 

16.  32 

1968 

6.  95 

5. 19 

1969 

2.07 

1.46 

1970 

1.33 

0.88 

1971 

0 

0 

1972 

0 

0 

1973 

0 

0 

1974 

0 

0 

1975 

0 

0 

Sum  of  Proaant  Values: 

$77.  0  MUlion 
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3. 


Pf«nt  of  N»t  B«n»fita 


a.  Projoctod  Total  Banafitt 

In  tha  pracadlng  aaction  all  aatimatad  banafita  in  tha  air 
carriar  aagmant  and  tha  ATC  ayatam  hava  baan  itamiaad  and  projactad  through* 
out  tha  period  1960-1975.  Tabla  80  balow  aummariaaa  theaa  total  projactad 
banafita,  It  will  ba  notad  that  in  two  catagoriaa,  natnaly  tha  alternate  fuel 
and  the  ATC  uaer  beneflta  both  lower  and  upper  eatimated  valuea  have  been 
quoted.  Theaa  banafita,  therefore,  rapraaant  a  range  of  valuaa  for  each  year, 
where  the  lower  value  ia  baaed  on  conaervative  aatimataa  and  the  upper  value 
ia  contingent  on  the  removal  of  certain  conatrainta,  e.  g. ,  the  1000  foot 
ceiling  "pad"  of  the  alternate  fuel  requirement.  Aa  mentioned  before,  the 
benefita  here  are  eatimated  beginning  with  the  baae  year  1960,  although  the 
improvementa  will  not  be  initiated  until  the  year  1963.  However,  by  atarting 
the  benefit  tablea  and  grapha  with  tha  year  1960  interpolation  of  intermediate 
valuea  during  the  actual  period  of  the  CAWS  implementation  become  a  poaaible. 

Table  80.  Total  Projected  Benefita,  except  General  Aviation, 


For  Period  1960-1975  (miUion  dollara) 


Benefita 

1960 

1965 

1970 

1975 

Diveraiona 

$1.89 

Biai 

$3.94 

$4.37 

Cancellationa 

1.85 

3.79 

6.  00 

Delay  a: 

Enroute 

2.86 

4.45 

6.86 

9.54 

Maintenance 

0.87 

1.  13 

1.30 

1.42 

Alternate  and 

Contingency  Fuel: 

Lower  Value 

1. 10 

8.  17 

15.51 

22.89 

(Upper  Value) 

(4.  78) 

(23.47) 

(43.  26) 

(63.  39) 

ATC  Uaer  Benefita 

Lower  Value 

3.93 

■Oh 

8.35 

10.70 

(Upper  Value) 

(5.  50) 

(10.  90) 

(13.00) 

ATC  Syatem  Benefita 

7.  10 

masM 

9.20 

11.20 

Sub  Total 

Lower  Value 
(Upper  Value) 

19. 60 
$(24.85) 

32.94 
${50.  43) 

48.95 
$(79.  25) 

66.  12 
$(108.92) 

Note:  The  eatimated  benefita  in  General  Aviation  have  not  been  included  in 
thia  table.  They  will  be  added  later  on. 
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b*low. 


Th«  v«ltt««  la  tha  abova  tabla  hava  baaa  plottad  la  Figura  33 


b.  Adjaatad  Total  Baaaflta 

From  tba  pracadiag  aactioa,  whara  total  baaaflta  la  all 
araaa  of  eariiar  aviatloa  wara  projactad  through  tha  pariod  of  1960  to  197S, 
a  raallatlc  appralaal  of  tha  tlma  phaalag  of  thaaa  baaaflta  waa  mada  in 
racogaltioa  of  tha  fact  that  tha  Improvaraaata  ara  achadulad  to  bo  Implamontad 
bagioalag  with  tha  yaar  1963.  Tha  aad  of  tha  Implamaatatloa  phaaa  la  In  tha 
1969>1970  pariod.  Shortly  aftar  thla  lattar  pariod  tha  baaaflta  ara  axpactad 
to  ba  fully  raallaad.  Thua.  tha  actual  baaaflta  will  commaaca  to  ba  fait  with- 
ia  tha  1963 >64  pariod  aad  ara  axpactad  to  bo  100%  raallaad  at  tha  and  of  tha 
Implaraaatatloo  pariod  of  tha  Improvamaata.  by  1969*  1970.  Itbacomaa 
tharafora  aaeaaaary  to  aaalga  a  factor  of  raaliaatloa  to  tha  baaaflta  which 
iacraaaaa  from  aaro  to  100%  durlag  tha  traaaltion  pariod.  Tha  graph, 

Figura  34  daplcta  tha  aatlmatad  parcaataga  valuaa  of  raaliaatloa  of  baaaflta 
through  thla  pariod.  At  tha  bagioalag  tha  baaaflta  will  ba  fait  rathar  alowly. 

Thay  will  aubaaquaotly  rlaa  at  a  faatar  rata  and  will  aaymptotically  approach 
full  valua  ahortly  aftar  complatlon  of  tha  CAWS.  Applying  thla  raaliaatloa 
factor  to  tha  projactad  total  baaaflta  laada  to  tha  adjuatad  total  baaaflta. 

Thaaa  conatltuta  a  raallatlc  aatlmata  for  tha  traaaltion  pariod  1963*1970. 

Tabla  81  ahowa  la  tha  firat  columaa  tha  iatarpolatad  projactad  baaaflta 
to  tha  air.carriara  aad  tha  ATC  ayatam  aad  Ita  uaara  for  aach  yaar,  covariag 
tha  pariod  1963  to  1979.  Both  lowar  and  uppar  valuaa  ara  glvan.  Tha  aub* 
aaquant  column  liata  tha  parcaat  raaliaatloa  during  tha  ImplamaatatloB  pariod 
and  tha  laat  two  columaa  daplct  both  lowar  aad  uppar  valuaa  of  tha  adjuatad 
total  banafita.  Thaaa  adjuatad  total  baaaflta,  tharafora,  rapraaaat  tha  aatlmatad 
yaar  to  yaar  dollar  amouata  to  ba  aavad  la  tha  total  carrlar  aad  ATC  oparationa 
through  tha  planaad  improvamaata  la  tha  national  aviation  waathar  aarvlcaa  aa 
outllaad  by  tha  CAWS  daalgn. 


•  290 


:nefits  in  million  oollans 


FIGURE  33.  TOTAL  PROJECTED  BENEFITS,  EXCEPT  GENERAL 
AVIATION,  FOR  THE  PERIOD  1960-1975 
(IN  MILLION  DOLLARS) 
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FIGURE  34.  PERCENT  REALIZATION  OF  BENEFITS 
IN  THE  I960>  1975  PERIOD 


Whan  comparing  those  volaes  with  the  total  costa  of  imple¬ 
mentation,  Table  60,  it  is  seen  that  benefits  from  redaction  in  air  carrier 
penalties  alone  will  exceed  the  estimated  improvement  costs  of  $83. 8  million 
starting  approximately  with  the  year  1971  where  the  upper  value  of  the  bene¬ 
fits  has  become  $87. 0  million.  However,  when  the  benefits  to  General 
Aviation  are  added.the  total  will  exceed  the  cost  for  years  earlier,  in  the 
1966  period,  see  Figure  35. 


Table  81.  Adjusted  Total  Benefits,  Air  Carriers,  ATC  System 
and  Its  Users  (In  Million  Dollars) 


Year 

Projected  Total  Benefits 

Percent 
Realisation  of 
Benefits 

Adjusted  Total  Benefits 

Lower  Vahia 

Upper  Value 

Lower  Value 

Upper  Value 

1963 

27.61 

1% 

0.  27 

0.40 

1964 

30.28 

6 

1.82 

2.72 

1965 

32.94 

17 

5.60 

8.57 

1966 

36.  14 

40 

14.46 

22.48 

1967 

39.  34 

61.95 

60 

23.60 

37.  17 

1968 

42.  54 

67.71 

80 

34.03 

54.  17 

1969 

45.74 

73.47 

92 

41.  98 

67.59 

1970 

48.  95 

79.25 

98 

47.  97 

77.66 

1971 

52.  38 

85.22 

100 

52.38 

85.22 

1972 

55.81 

91.  15 

100 

55.81 

91.  15 

1973 

59.  24 

97.08 

100 

59.  24 

97.08 

1974 

62.97 

102.91 

100 

62.67 

102.91 

1975 

66.  12 

108. 92 

100 

66.  12 

108.92 

Table  82  summarises  all  estimated  benefits  to  the 
air  carrier,  general  aviation,  and  the  ATC  system  and  its  users,  i.  e.,  all 
airspace  users  considered  in  this  study  to  be  derived  from  the  implementation 
of  the  CAWS. 
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MILLION  DOLLARS 


FIG.  35.  ESTIMATED  TOTAL  DOLLAR  BENEFITS  FROM 
IMPROVEMENTS  IN  AVIATION  WEATHER  SERVICES 
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Tabu  t2.  Total  BoMfUt,  (la  MiUiea  DolUva) 


Year 

Adjuatad  Baaafita 
Oaaaral  AvUtloa 

Total  Adjuatad  BaaaBta 

All  Alrapaea  Uaara 

lUawr 

Valua 

Lowar 

Valua 

1963 

1.49 

0. 27 

mom 

1.89 

1964 

8.25 

1.82 

10.97 

1969 

27.10 

5. 60 

35.67 

1966 

66.69 

14.46 

22.48 

89. 17 

1967 

104.61 

23.60 

37. 17 

141.78 

1968 

145.58 

34. 03 

54. 17 

199.75 

1969 

174.46 

41.98 

67.59 

216.44 

242. 05 

1970 

193.31 

47.97 

77.66 

241.28 

270. 97 

1971 

205.68 

52.38 

85.22 

258.  06 

290.90 

1972 

214.08 

55.81 

91. 15 

269. 89 

305. 23 

1973 

222. 54 

59.  24 

97.08 

281.78 

319.62 

1974 

230.91 

62.67 

102.  91 

293. 58 

333.82 

1975 

239. 34 

66. 12 

108.  92 

305. 46 

348.26 

e.  Projaetad  Nat  Baaafita  vavaua  Coata 

Aa  a  final  atap  la  tha  avaluatlon  of  banaflta.  tha  banafit*eoat 
ratio  muat  ba  dataralaad.  Tbla  ratio,  la  ordar  to  ba  rapraaaatatlva,  muat 
ineluda  all  thraa  algnlfleaat  Itama:  aqaipmaat  coat,  oparatlng  coata,  and 
axpactad  baaafita.  Slaca  daclaloaa  concarnlng  govaramant  axpandlturaa  in 
the  araa  of  aviation  waathar  ara  lafluancad  to  a  Urga  axtant  by  tha  initial 
capital  iavaatmaat  ia  aqalpmant  partalaiag  to  tha  four  aubayatama:  obaarving, 
procaaaiag,  eoRiiattaieatlag  and  praaaatlBg,  thaaa  axpandlturaa  muat  ba 
contraatad  to  tha  axpactad  aat  banaflta  which  ara  daflnad  aa  total  banaflta 
laaa  oparatlng  coata. 

With  aueh  a  cemparlaea  It  la  poaalbla  to  compute  a  ratio  of 
nat  banafita  to  axpactad  aquipmant  coata  ualng  tha  ceaeapt  of  praaaat  value  aa 
daacrlbad  under  "Oaaaral  Coaaldaratlona".  It  la  naeaaaary  to  conaidar  pra> 
aant  value  hare  Inataad  of  maraly  tha  annual  valtta.  Tha  raaaon  la  that  any 
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future  expenditur*  or  bouoflt,  when  aooosood  in  tho  proooat,  would  hnvo  a 
lower  preaent  vnlue»  baaed  on  the  compound  tntereat  principle.  If  the 
"atream"  at  net  benefita  ia  computed  over  the  1963-1975  period.the  preaent 
value  of  each  annual  net  benefit  can  be  aaaeaaed  and  then  aummed  up  into 
one  value.  Thla  value,  the  aum  of  the  preaent  valuaa  of  the  net  benefita, 
ia  ahown  in  Table  83. 

The  left  hand  column  ahowa  tho  lower  value,  baaed  on 
conaervative  aaaumptiona,  of  $813.  95  million;  the  right  hand  column  ahowa  the 
higher  value  of  the  benefita,  baaed  on  continganciea  and  the  expected  relaxing 
of  certain  reatrietiona.  The  aum  of  the  higher  valuea  ia  $993.  00  million. 

In  order  to  arrive  at  a  meaningful  ratio,  the  aum  of  the 
preaent  valuea  of  the  net  benefita  haa  been  divided  by  the  aum  of  the  preaent 
valuea  of  the  capital  equipment  coata: 


a  Benefit-Coat  Ratio 


Table  63.  Preaent  Valuea  of  Nat  Benefita,  Upper  and  Lower  Valuea, 

In  Million  Dollara 


Year 

Preaent  Valuea  of  Net  Benefita 

Lower  Value 

Upper  Value 

1963 

•3.28 

3. 15 

1964 

-3.86 

3.01 

1965 

+3.99 

6.63 

1966 

26.  00 

32.73 

1967 

44.59 

55.34 

1968 

75.43 

90.48 

1969 

88.82 

106.88 

1970 

93.86 

113.61 

1971 

97.74 

118.33 

98. 08 

119.00 

97.95 

119. 06 

1974 

97.65 

118.85 

1975 

96.98 

118.25 

TOTAL 

$813.95 

$993.  00 
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From  •  proetieat  otaar^olnt  thio  ntie  ahouUI  bo  at  lomat  oa  tho  ordor 
of  Z.  5.  i.  0. .  tho  Mt  boBofito  roaUood  ovor  o  period  of  timo  ohould 
bo  ot  looot  Z.  $  timoo  tho  capital  axpoaditaroo.  From  Table  78  tho  aum 
of  tho  proeont  valuoo  of  capital  oxpondlturoo  lo  ootlmatod  to  bo  CP^  »  $77.0 
million.  Dividing  thio  oum  into  tho  lower  and  upper  limlto  of  tho  oum  of  tho 
present  valuoo  of  tho  not  bonofito.  wo  obtain; 


L  $813.95  million 
Tp^  “  iii.  0  mlllloB 


=  10.  6  (lower  value) 


tf  f  W.  0  mUMon 
zPc  -Jrr  0  million 


s  12.  9  (upper  value) 


Thooo  ratios,  while  they  are  not  exact  figures,  nevertheless  provide  an  order 
of  magnitude  estimate  of  the  expected  "pay •off"  from  the  planned  improve* 
ments  in  the  national  aviation  weather  services.  Even  if  the  necessary 
expenditures  on  ospital  equipment  should  turn  out  to  be  higher  by  a  factor 
of  two,  thus  reducing  the  benefit>cont  ratio  to  5.  30  or  6.  45  respectively, 
these  values  would  still  more  than  justify  the  implementation  of  the  im> 
provements. 

It  has  been  assum  d  throughout  this  analysis,  that  the  life 
time  of  the  equipment  extends  to  1975.  This  would  constitute  a  period  of 
from  5  to  12  years,  since  the  implementation  period  of  the  capital  equipment 
runs  approximately  from  1963  to  1970.  However,  from  past  experience  with 
meteorological  equipment,  for  example  observing  instrumentation,  the 
effective  life  time  with  proper  maintenance  is  frequently  found  to  run  from 
15  to  20  years.  This  fact  will  increase  the  "stream"  of  net  benefits  con* 
siderably  beyond  the  1975  period,  or  more  nearly  to  1980.  Consequently, 
with  no  corresponding  increase  in  capital  equipment  expenditures,  the  benefit* 
cost  ratio  would  be  considerably  increased  over  the  present  estimated  values 
of  10.  6  and  12.  90  respectively. 
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It  !•  f«U,  tlwt  th*  aifcltnry  tomiaatioa  ^  th*  axpActad 
•ttnipmaat  Itf*  with  th*  y«*r  1975  will  r«ad«r  th*  mtiot  of  our  ualytis 
■entwhat  low. 


d.  Total  Boaolita  voraua  Cooto 

Tho  total  hoaofita  and  eoata  projoetod  ovor  tho  1963«1975 
poriod  ara  ahown  la  graphical  form  io  Figaro  36.  Expoetod  aaaaal  boaolita 
oa  tho  order  of  300. 0  millioa  io  tho  1970>1975  poriod  aad  oxpoetod  aaaaal 
eoata  of  100  mlUioo  dariag  that  timo,  roault  io  aa  approximato  factor  of 
3,  0  by  which  tha  aaaaal  boaolita  aro  groator  tbaa  tho  aaaaal  eoata. 

From  tha  poiot  of  vlow  of  tha  aotira  program  of  improve - 
maota  ie  tha  avlatioa  aroathor  aorvicaa.  it  ia  of  iatoroat  to  coatraat  tho 
proaaat  valao  of  tho  "atroam"  of  oxpoetod  total  boaoflto  with  that  of  tho  total 
eoata.  Table  84  lioto  tho  proaoat  valaoa  aad  tho  aamo  of  tho  proaoat  valuoa 
of  total  boaolita  aad  total  eoata. 

Uaiag  tho  looror  value  of  tho  expected  boaolita,  a  ratio  of: 


XP, 


TB, 


“Tp 


TC 


$1442.61 

f  irli  m 


millioa 


millioa 


>2.0 


roaulta.  With  tho  higher  value  of  tho  boaolita  tho  ratio  iaeroaaoa  to 
TB, 


'U  _  $1621.68  ,  . 


TC 


While  thia  ratio  dooo  aot  reflect  tho  expected  roturaa  from  capital  iavootmoat 
which  tho  Covoramoat  muot  make  ia  order  to  implomoat  tho  improvomoata  ia 
tho  aatioaal  aviatiea  weather  aorvieoo,  it  dooa  provide  a  moaauro  of  tha 
boaofit  eoargia  over  aad  above  tho  aaaaal  atroam  of  tho  total  eoata:  o^pmoat, 
aaaiatoaaaco  aad  eporatioao.  Hero  agaia,  tho  ratio  could  bo  oemouhat  iacroaa* 
od  by  oxtoadiag  tho  period  boyoad  1979,  aay  to  1980,  aiaco  tho  iacroaoo  ia 
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FIG.  36.  PROJECTED  TOTAL  COSTS  AND  TOTAL  BENEFITS, 
DUE  TO  CAWS  IMPLEMENTATION 
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Table  84.  Praaaat  Valaaa  at  Total  BwMflU  and  Total  Coate 
1963-1970.  la  MilUoB  DoUara 


Year 

Proaent  Value.  Total  AcUuatod  Beaafita 

Praaent  Value  Total  Coata 

Lower  Value 

Upper  Value 

1963 

1.76 

$1.89 

$8.75 

1964 

9.  50 

10.34 

21.35 

1965 

29.  10 

31.75 

1966 

68.  17 

74.90 

73.  22 

1967 

101.  54 

112. 29 

73.28 

1968 

134.  17 

149. 21 

63.93 

1969 

152.59 

170. 65 

65.23 

1970 

160.45 

180. 20 

67.47 

1971 

161.80 

182. 39 

64.06 

1972 

159. 77 

180. 70 

61.69 

1973 

157.23 

178. 35 

59.29 

1974 

154.72 

175.92 

57.07 

1975 

151.81 

173.09 

54.83 

Sum 

TB^ 

$1442.61 

^**TB  “ 

TBy 

$1621.68 

$711.24 

-  { 


-  300 


benefit!  ie  Ukely  to  be  grenter  th»n  the  iacreoeo  in  annual  coeta.  (Strictly 
epeaking.  a  benefit/eoet  ratio  greater  than  unity  would  economically  Juetify 
a  project. )  The  above  ratio  of  2. 0  and  2. 3  theraforo  providee  a  comfort* 
able  margin  of  economic  Juatification  eubjoct  to  the  ratume  availabla  from 
altamative  programa.  Thla  juatification  ia  enhanced  by  the  fact  that  numer- 
oua  intangible  beneflta,  aa  outlined  in  the  next  aection.  have  not  been  included 
in  thia  ratio.  Theae  banefita.  while  not  readily  aaaaaaibla  in  terma  of  dollara, 
can  be  of  conaiderable  value  to  the  economy  aa  a  whole. 
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4.  InteaiibU 

la  addltiea  to  thooo  boaoflta  a4deli  eaa  bo  aotooiod  in  doUari, 
tboro  aro  othora  that  aro  ot  a  nora  tatangibla  aatura.  Although  thaaa 
baaafita,  too,  baaleally  poaaoaa  a  dollar  valua,  it  haa  not  baaa  found 
feaaibla  within  tha  aeopa  of  thia  atudy  to  computa  or  aatimata  thair 
valua.  Such  iatangibla  banoflta,  whaa  aaalyaad  in  dotail,  may  wall  run 
into  tana  of  inilliona  of  dollara  annually. 

For  tha  purpoao  of  thia  atudy  a  briaf  liating  of  thaaa  non>aaaaaaabla 
banafita  raaulting  from  tha  plaaaad  improvamanta  in  tha  national  aviation 
waathar  aarvicaa  will  auttica. 

•  Incraaaad  Paaaangar  Comfort 

Graatar  avoldanca  of  araaa  of  atmoapharic  turbulanca, 
and  tha  poaaibility  of  waiting  out  critical  waathar 
oceurrancaa  on  tha  ground  rathar  than  in  a  traffic  holding 
pattern,  will  avoid  paaaangar  diacomfort. 

•  Incraaaad  Damand  for  Air  Travel 

Batter  waathar  information  will  raault  in  improved  flight 
planning  and  batter  on>tima  performance.  Tha  raaulting 
improved  reliability  of  air  travel  can  be  expected  to 
produce  an  incraaaa  in  public  damand. 

•  Reduction  of  Ovarloada  in  the  Air  Traffic  Ccotrol  Syatam 
It  ia  a  fact  that  praaantly  tha  ATC  ayatam  raacta  more  to 
waathar  criaaa  than  it  plana  for  them.  With  tha  projected 
improvamanta  in  tha  ayatam,  bacauaa  of  batter  advance 
planning,  aoma  of  the  peak  loada  brought  about  by  un< 
expected  weather  conditiona  will  be  reduced.  Moreover, 
more  accurate  waathar  knowledge  on  tha  part  of  the  controller 
will  add  an  alamant  of  confidence  to  hia  work  which  will 
ultimately  be  reflected  in  tha  efficiency  of  tha  control  ayatam. 


-  303  - 


•  to  Military  Aviation 

Military  aviation  raeaivai  major  aupport  from  the  civil 
waatiter  aerviee.  Improvamanta  in  the  civil  waathar 
ayetam  will  raault  in  corraaponding  banefita  to  military 
aviation. 

•  Reduction  in  Air  Mail  and  Air  Cargo  DaUya 

The  praaant  panaltiaa  auffared  by  Air  Mall  and  Air 
Cargo  have  not  bean  aaaaaaad  in  terma  of  dollara. 
However,  from  confarancea  with  U.  S.  Poat  Office 
paraonnal  and  Air  Cargo  managara  it  was  aacertained 
that  the  diaruptiona  cauaad  by  unanticipated  weather 
are  of  conaiderabla  magnitude.  Implementation  of 
the  CAWS  daaign  ia  expected  to  raault  in  a  definite 
dacraaaa  in  thaaa  diaruptiona. 

•  Incraaaad  Safety  in  ITR  Flying 

The  atipulatad  extanaive  uaa  of  improved  weather 
information  by  the  ATC  ayatem  ia  expected  to  incraaaa 
the  aafaty  margin  in  IFR  flying,  particularly  in  the 
Ganaral  Aviation  and  Military  Aviation  uaer  categoriaa. 
While  generally  the  weather  accident  rate  of  aircraft 
flying  IFR  ia  low,  a  aubatantial  decreaae  in  potential 
accidenta  and  near  miaaea  may  be  expected. 

•  CVR  Operationa 

The  report  of  the  Preaident'a  Taak  Force  on  Air  Traffic 
Control,  "Project  Beacon",  recommenda  a  new  category 
of  aircraft  control  called  Controlled  Viaual  Rulea  (CVR). 
The  expanded  weather  aupport  to  the  ATC  which  will 
reault  from  the  planned  improvementa  will  be  a  necessity 
for  the  implementation  of  CVR  flight. 
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Btifflti  to  Non-Aviattoa  UMrt 
Th«  non*avUtion  ••gnMntt  of  tho  oconomy  dorWo 
approeiablo  bonofitt  from  tho  aviation  waathar  aarvica. 
Improvamanta  in  thia  aarvica  will  raault  in  banafita  to 
tha  aeonomy  aa  a  whola. 

Loaa  of  Aircraft  Utiliaation 

A  dacraaaa  in  aircraft  dalaya  dua  to  waathar  cauaet 
will  raottlt  in  battor  utiliaation  of  equipment  and  a 
more  aconomical  oparation. 
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Table  A«l.  AUarnata  Foal  Carried  by  Piatoa  and  Tuibojat  Carrier 
Aircraft.  September  1961,  Chieafo  0*Kare  Airport 
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APPENDIX  B 

Table  B*l.  Direct  Flight  Coat  Per  Total  Hour  by  Aircraft  Types  • 
Calendar  Year  Ended  December  31.  1960  (In  Dollars) 
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Table  B-1.  Direct  Flight  Coat  Per  Total  Hoar  by  Aircraft 
Typea,  (Cont'd. ) 
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Table  B-1.  Direct  Flight  Coat  Per  Total  Hour  by  Aircraft  Types  (Coat'd. ) 
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Table  B-1.  Direct  Flight  Coet  Per  Total  Hour  by  Aircraft  Typea,  (Confd. ) 
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Table  B-1.  Direct  Flight  Cost  Per  Total  Hour  by  Aircraft  Typea,  (Cont'd. ) 
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Table  B-1.  Direct  Flight  Cost  Per  Total  Hour  by  Aircraft  Types,  (Cont'd. ) 
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Major  Trunk  Carrier  Enroute  Delay  Sampling 
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ON»TIia;  PERTORMANCE  STATISTICS 


Commencing  in  liny  19S9.  tho  air  carrier*  were  required  to  file 
reports  of  on 'time  depondabiiity  at  termination  of  all  non-stop  and  one- 
stop  flights.  Delayed  arrival*  are  reported  in  a  number  of  categories  such 
as  (1)  on-time  to  5  minutes  late,  (2)  six  to  fifteen  minutes  late,  (3)  16  to  30 
minutes  late,  etc. 

Delayed  arrivals  may  be  ascribed  to  five  principal  causes: 

1)  Weather  factors 

2)  Air  Traffic  control  delays 

3)  Airport  congestion 

4)  Lack  of  equipment 

5)  Mechanical 

Of  these  five  factors  mechanical  difficulties  may  be  assumed  to  have  no  sea¬ 
sonal  variation  and  be  more  or  less  uniform  throughout  the  year.  Air  traffic 
controi  delays  may  be  due  to  weather  cauees  or  such  things  as  competitive 
scheduling,  i.e.,  too  many  simultaneous  arrivals;  the  effect  of  scheduling 
should  be  more  or  less  constant  throughout  the  year.  Airport  congestion 
may  be  due  to  weather,  scheduling,  inadequate  facilities  or  blocked  runways; 
only  weather  should  show  a  seasonal  variation  as  the  other  effects  should 
be  the  same  regardless  of  the  time  of  year.  Lack  of  equipment  may  be  due 
to  weather-caused  delays,  diversions  or  cancellations  or  mechanical  troubles. 
Thus  it  appears  that  any  marked  seasonal  variation  in  delays  may  be  safely 
ascribed  to  weather  causes.  If  such  is  indeed  the  case,  one  would  expect  to 
find  the  beat  on-time  performance  in  the  summer  months  and  the  worst 
in  the  winter. 

In  order  to  examine  these  data  for  the  purpose  of  estimating  effects 
due  to  weather  factors,  a  weighted  average  of  the  on-time  to  15  minutes  late 
performance  percentage  was  computed  for  each  month  for  the  domestic  trunk 
and  local  service  carriers  and  plotted  on  the  attached  graphs. 
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Th«  period  for  which  tho  date  aro  availabio  has  boon  marksd  by  a 
steadily  increasing  proportion  of  turbojet  aircraft  in  trunk  line  operations. 

In  view  of  the  weli-publiciaed  difficulties  experienced  with  these  aircraft, 
a  separate  curve  was  plotted  for  the  Boeing  707  and  the  Douglas  DC-8  since 
there  were  enough  of  these  two  types  in  operation  to  have  a  pronounced  effect 
on  over-aii  dependability.  The  curve  resembles  a  "learning"  curve,  showing 
an  improvement  in  performance  with  increasing  experience.  The  effect  of 
the  turbojets  on  the  over-all  trunk  perfornnance  is  quite  evident  from  an 
examination  of  the  two  curves.  IlL  spite  of  this  effect,  the  on-tine  curve 
for  the  trunk  carriers  shows  a  seasonal  variation  with  a  tendency  for  a  maxi¬ 
mum  of  performance  in  the  late  summer  and  early  fall  and  a  minimum  in 
mid -winter. 

The  performance  curve  for  the  local  service  carriers  is  much  more 
straightforward  and  leas  complicated  than  that  for  the  trunks.  This  is  no 
doubt  due  to  the  fact  that  the  local  service  operation  has  been  more  stable 
during  this  period.  The  only  new  aircraft  introduced  by  the  locals  has  been 
the  Fairchild  F-27  turboprop,  which  apparently  had  few,  if  any,  growing  pains. 
The  seasonal  effect  of  the  weather  on  the  performance  of  the  local  service 
carriers  is  quite  marked,  with  a  pronounced  maximum  of  on-time  arrivals 
during  the  summer  months  and  a  corresponding  minimum  in  mid-winter, 
the  difference  between  the  two  being  on  the  order  of  10%. 
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APPENDIX  E 

Aaalyaia  of  Correction  Factor  Applied  to  ATC  Delays  as 
Computed  from  Integrated  Carrier  Sample 


ANALYSIS  or  CORRECTION  FACTOR  APPLIED  TOATC  DELAYS 
AS  COMPUTED  FROM  INTEGRATED  CARRIER  SAMPLE 

To  ascortoin  to  dogroo  tho  ATC  dolaya,  as  obtained  from  a 
aampllng  of  a  major  integrated  carrier,  are  repreaentative  of  total  carrier 
ATC  delaya,  an  analyaia  of  the  diatribution  of  operationa  of  the  carrier  waa 
made  at  ail  airporte  aerviced  by  the  carrier,  and  thia  diatribution  compared 
with  the  diatribution  of  all  U.  S.  carrier  activitiea  at  theae  aame  airporte. 

Data  were  available  on  the  carrier  operationa  at  48  airporta.  At  theae 
aame  terminala  data  on  total  carrier  operationa  were  alao  available^.  Thia 
allowed  a  meaaure  of  the  integrated  trunk  operationa  againat  total  operationa 
through  a  group  of  airporta  at  which  the  activity  rangea  from  very  low  to 
very  high.  The  48  airporta  were  graphically  arranged  in  aacending  order  of 
total  carrier  activity  to  eatablieh  an  activity  curve.  The  trunk  carrier  opera* 
tiona  were  then  plotted  againet  thia  curve.  The  numerical  differencea  between 
the  alopea  of  the  two  curvea  allowa  a  determination  of  the  repreaentativeneaa 
of  the  one  carrier' a  delay  aa  againat  the  total  delay.  The  major  aaaumption  here 
ia  that  delay  ia  directly  related  to  activity  *1.0.,  congeation. 

In  Figure  E-1  the  dotted  line  repreaenta  the  total  departurea  at  the  48  air* 
porta.  The  aoiid  line  repreaenta  the  trunk  carrier  operationa.  It  ia  plotted  to 
one  tenth  the  vertical  acale.  It  ia  apparent,  that  the  aample  carrier  activity 
falla  away  from  the  total  activity  through  approximately  the  firat  35  airporta 
and  then  roughly  parallel  a  the  total  through  the  remainder  of  the  airporta. 

To  facilitate  numerical  meaaurementa,  the  airporta  were  divided  into  6  groupa 
of  8  airporta  each,  and  the  average  activity  of  the  aample  carrier  and  all 
carriera  waa  calculated  for  each  group.  The  two  aeta  of  valuea  ao  obtained 
are  plotted  in  Figure  E-2.  Succeeaive  numerical  ratioa  were  eatabliahed 
for  theae  5  aegmenta  and  then  weighted  by  the  levela  of  activity  in  each  aegment 
to  arrive  at  a  factor  to  be  applied  to  the  aingle  carrier  aample  in  extrapolating 
ita  delay  figurea  to  the  entire  carrier  fleet.  Thia  factor  ia  found  to  be  1. 074. 

‘fAA  Air  Traffic  Activity,  Fiacal  Year  1961 
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FI6URE  E-2  ONE  CARRIER  VERSUS  TOTAL  CARRIER  ACTIVITY 
AVERAGED  IN  GROUPS  OF  8  AIRPORTS 
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38 
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.  147 
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.67/. 74  »  .9 

50 

14. 1 

.  127 

3 

49/53 

57.5/ 

73 

.93/.  79  *  1.  M 

65 

18.4 

.210 

4 

53/82 

73/ 

92.5 

.65/. 78  >  .83 

83 

23.5 

.  195 

5 

82/111 

92.5/ 

144 

.74/. 64  >  1. 18 

118 

33.5 

.395 

1.074 

The  factor  ia  conoidorad  to  bo  ooiaowhat  conoorvativo,  primarily  bocauae 
20  out  of  tha  SO  moat  activo  airporta  in  tha  Uaitad  Stataa  ara  not  aorvad  by  tho 
aampla  carriar  and  tharafora  aot  Inciudod  in  tha  liat  of  48  airporta. 
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Ontario  Air-Carrlar  Divaraioor 


ONTARIO  AIR-CARRIER  DIVERSIONS 


The  ceee  of  diverelon*  at  Ontario,  California,  ia  treated  here  ae  a 
eeparate  example.  The  penalty  flguree  eetlmated  in  this  eaction  are  not 
neceaearlly  repreientative  of  thoee  produced  by  the  average  Eaetem 
divereion  terminal.  However,  the  Ontario  example  illuetratee  the  eeverity 
of  the  penalty  when  unuaual  weather  conditione  prevail  at  a  major  hub  termi¬ 
nal,  auch  aa  Loa  Angelea  International  Airport  or  when  the  diveraion  terminal 
la  not  aet  up  to  handle  a  large  number  of  aimultaneoua  arrivala.  Moreover, 
all  turbojeta  divert  to  Ontario  when  the  Loa  Angelea  terminal  ia  cloaed  in, 
in  contraat  to  Eaatern  diveraiona  where  carrier  aircraft  divert  to  a  large 
number  of  altematea  in  caae  of  a  cloaed-in  terminal,  Thia  fact  haa  made 
it  poaaibie  to  aaaeaa  the  dollar  loasea  due  to  diveraiona  at  Ontario  with  a 
fair  degree  of  accuracy. 

The  conditiona  at  Loa  Angelea  cauaing  air  carrier  jet  diveraiona  to 
Ontario  are  primarily  brought  about  by  atratua  clouda  moving  in  from  the 
Pacific  Ocean.  Butter  forecaating  of  thia  condition  can  aave  the  air 
carriera  conaiderable  expenditurea  by  eliminating  tranafer  of  ground 
handling  and  paaaenger  tranaportation  equipment  to  Ontario,  when  a  fore- 
caat  cloaed-in  condition  at  Loa  Angelea  doea  not  materialiae. 

Of  all  the  terminale  which  are  uaed  by  air  carrier  turbojet  aircraft 
for  diveraiona,  when  deatination  airporta  are  below  minimuma,  Ontario, 
California  International  Airport  occupiea  a  unique  poaition.  It  ia  a  proviaional 
airport  with  no  permanent  airline  ataffing  or  ground  facilitiea  except  for  one 
local  aervice  airline.  Specifically,  the  following  aervicea,  which  are  normally 
found  at  alternate  jet  terminale,  are  abaent  at  Ontario: 

e  Jet  paaaenger  loading  and  unloading  equipment 

*  Jet  mail  and  cargo  loading  and  unloading  equipment 

e  Adequate  gatea  for  paaaenger  handling 

e  Permanent  ground  tranaportation  facilitiea  (Bua  and  railroad) 

•  Permanent  air  carrier  peraonnel. 
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TIm  rMiOB  for  ttda  Uek  ot  teeiUtlct  to  th*  fact  that  Ontario  ia 
not  uood  for  rognlar  4ayto«4ay  air  earrior  jot  oporatioao  hot  eonoo  only 
iat>  aetioB  ia  Oio  eaao  of  divoroiona  fren  Loa  Angolaa  latomational  Airport, 
from  ndkieh  it  ia  about  35  miloa  diatant.  Thua,  admaavor  divoraiona  of  Jot 
aircraft  to  Ontario  boeomo  noeoaaary,  apoeial  paaaoagor  and  cargo  ground 
handling  oquipmont  muat  bo  aUppod  by  froouray  from  Loa  AngoUa  Inter¬ 
national  Airport  to  Ontario.  Tbio  operation  roquiroa  from  1  1/1  to  3  houra  each 
way,  dopondlng  on  traffic  and  woathar  conditiona.  A  total  of  15  air  carriora 
uao  Ontario  aa  an  altomato,  aovon  domoatie  trunk  carriora,  aix  intamational 
carriora  and  two  local  aarvieo  carriora.  Tbua,  fog  conditiona  at  Loa  Angoloa 
Airport,  udiila  actually  proaoid  on  rolativoly  fow  daya  out  of  tho  yaar,  cauao 
loaaoi  to  tbo  air  carriora  out  of  proportion  to  thoao  incurred  at  torminala 
ia  moot  other  parta  of  tho  country. 

Another  roaaon  for  treating  divoraiona  at  Ontario  aa  a  aoparato  caao 
io  that  detailed  coat  figuraa  could  bo  obtained  from  carriora  for  thia  oporatioa, 
which  ia  not  intomainglod  with  regular  achedulod  carrier  activitioa.  Thia 
oeparatea  it  from  moat  other  alternate  torminala  and  providea  a  roaaonably 
accurate  moana  of  aoaeaoing  tho  dollar  loaaeo  involved. 

Below  minimum  conditiona  at  Loa  Angoloa  International  Airport  atart 
a  long  chain  of  peraonnol  and  equipment  tranaport  to  Ontario  Airport  at  odd 
intorvala  involving  overtime  of  carrier  poraonaol.  Thia  operation  diatinguiahea 
Ontario  from  other  alternate  torminala  where  permanent  peraonnel  and  equipment 
are  uaually  available. 

The  coata  determlnad  by  thia  atudy  are  compoaed  of; 

•  Ground  handling  of  paaaeagora,  mail  and  cargo 

e  Loaa  of  paaaanger  time 

•  Overtime  of  air  carrier  peraonnel 

e  Ground  tranaportatioa  rental  by  carriora 

•  Fuel  expended  by  Jet  adreraft  on  the  ground,  waiting  for  gate 

•  Ferrying  of  the  aircraft  to  departure  terminal. 
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Th*  locftl  wMth«r  eoodltioM  cauting  divaraioaa  to  Oi^rio  or  doparturoa 
from  Oatario  rathar  than  from  Loa  Aagalaa  ara  uniqua.  WhUa  at  Eaatam 
tarmiaala  daring  bad  waathar  cooditiona  a  larga  part  of  tha  Atlantic  Coaatal 
ragion  ia  cloaad  in,  affacting  auch  tarminala  aa  Boston,  Naw  York,  niiladalidiia, 
Waahington  and  Baltimora,  a  fog  condition  at  Loa  Angalaa  is  oftan  purely  local, 
axtanding  only  ovar  5  >10  milaa.  htoraovar,  Ontario  Airport  ia  aaparatad  from 
tha  Loa  Angalaa  baain  by  a  1000  ft.  mountain  barriar  which  blocks  tha  move* 
mant  of  tha  fog  to  Oatario.  This  moans  that  tha  Ontario  Airport,  which  readily 
accommodates  turbojets  and  has  freeway  facilities  into  the  city  of  Los  Angeles, 
ia  usually  open  whenever  landings  at  Loa  Angalaa  are  prevented  by  fog. 

Table  1  depicts  tha  number  of  arrivals  at  Ontario  during  tha  calendar 
year  1961  and  for  the  additional  months  January,  February  196Z.  The  table 
has  been  plotted  in  the  form  of  a  bar  chart  in  Figure  1,  which  clearly  shows 
the  seasonal  nature  of  tha  divaraions. 

Tha  winter  of  1961-62  had  an  unusually  high  incidence  of  diversione, 
totaling  548  arrivals  from  November  1961  to  February  1962  with  the  single  month 
of  December  accounting  for  333  diversions  alone.  Table  2  shows  one  peak  day, 
December  22,  1961  where  a  total  of  61  turbojets  and  9  propeller  aircraft  were 
diverted  to  Ontario  involving  5240  passengers.  The  fact  that  such  operations 
have  extreme  peak  periods  where  the  activities  by  far  exceed  the  capability 
of  the  facility  to  handle  the  traffic,  further  complicates  the  task.  While  the 
major  trunk  carriers  have  10  to  14  gates  each  available  at  Los  Angeles  for 
loading  and  unloading  passengers,  there  are  only  2  gates  each  at  Ontario. 

Thus,  arriving  aircraft  must  either  wait  on  the  field  with  engines  running  or 
land  at  outlying  terminals  such  as  Phoenix.  Salt  Lake  City,  or  Las  Vegas,  waiting 
on  the  ground  until  gates  are  available  at  Ontario.  On  the  above  peak  day  in 
December,  20  turbojets  waited  on  the  field  at  Ontario,  with  engines  running  for 
as  much  as  2  hours  before  passengers  and  cargo  could  be  unloaded.  The  dollar 
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Tabu  F-l.  Divartien*  to  Ontario  latamatiOBal  Airport.  California 
January  1961  to  Fabruary  1962 
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FIGURE  F-1.  ONTARIO  INTERNATIONAL  AIRPORT,  ALTERNATE  OPERATIONS 

1961  (ARRIVALS  ONLY) 
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losiat  du*  to  thio  Instanco  alono  conoldoring  pasaongar  tima  daUy.  aircraft 
dalay  and  faal  conaunned  by  Idling  angiaaa,  amount  to  ovar  $50,  000. 

In  addition  to  tha  actual  divaraiona,  numaroua  "dry  runa"  dua  to  in- 
accurata  tarminal  foracaata  add  to  tha  waathar  loaaaa.  Whan  Loa  Angalaa 
ia  foracaat  to  ba  cloaad,  and  ground  crawa  aa  wall  aa  tranaportation  facilitiaa 
ara  diapatchad  by  tha  earriera  to  Ontario  aavaral  houra  prior  to  achadulad 
aircraft  arrivala,  it  oftan  happana  that  tha  balow  minimum  conditiona  do  not 
materialiaa  at  Loa  Angalaa  and  aircraft  will  not  hava  to  ba  divartad.  Such 
"dry  runa"  amount  to  id>out  50%  of  all  oparationa. 

During  parioda  whan  tha  Loa  Angalaa  tarminal  continuaa  to  atay  balow 
minlmuma  for  axtendod  langtha  of  tima,  Ontario  ia  alao  uaad  for  proviaionai 
departure  oparationa.  with  departing  paaaangera  being  ahippad  by  aurfaca 
tranaportation  from  Loa  Angalaa  to  Ontario.  Thia  uaually  involvea  a  3  hour 
departure  dalay  for  each  paaaangar  with  raaulting  additional  delaya  in  arriv¬ 
ing  at  their  da  a  ti  nation  and  miaaad  connactiona.  It  waa  found  that  38%  of 
all  arriving  aircraft  alto  departed  from  Ontario  on  the  return  trip  with  out¬ 
bound  paaaangera,  while  tha  remaining  62%  ware  ferried  out  empty.  Out¬ 
bound  fuel  totaled  1,  590,  375  gallont  for  tha  year  1961. 

Paaaangar  Handling  Coata 

The  methoda  of  handling  ground  oparationa  during  divaraiona  vary  with 
the  air  carrier.  At  loaet  one  major  carrier  maintaina  a  minimum  of  equipment 
at  tha  field  and  contracta  with  outaida  firma  for  the  major  joba  of  paaaangar 
ground  handling  and  aircraft  aervicing.  Tha  remaining  earriera  ahip  primarily 
their  own  ground  handling  facilitiaa  and  paraonnel  to  Ontario  during  diveraion. 
An  additional  expenaa  derived  from  the  fact,  that  regular  carrier  peraonnel 
are  tranaported  to  Chitario  from  Loa  Angalaa  on  an  overtime  baaia  to  aatiafy 
demanda  during  parlodi  of  peak  divaraiona. 
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Analycia  of  a  aot  of  coat  figuraa  concorning  contracting  with  outaida 
firma  for  paaaangar  and  cargo  ground  handling  aervicea  indicataa  that  thia 
activity  accounta  for  27%  of  tha  entira  oparation.  Unit  coata  ara  $9.  70  par 
arriving  or  daparting  paaaangar.  The  ramaindar,  where  carriera  utilize 
tmeir  own  paraonnal.  amount  to  73%  of  tha  entire  operation  and  compute  at  the 
nigher  rata  of  $17.30  par  paaaangar.  The  total  coata  involved  in  ground 
handling  for  tha  year  1961  add  up  to  $712,  000  per  annum.  Included  in  thia  figure 
ara  "dry  rune"  where  tha  weather  in  Loa  Angalea  waa  forecaat  below  minimuma. 
Ontario  oparation  waa  aat  in  motion,  but  the  diveraion  did  not  materialize. 

Dry  runa  alone  amounted  to  $237.  000  in  1961. 

a 

Paaaenger  Delay  Time 

A  normal  total  delay  of  3  hour  a  per  paaaenger  waa  aaaumed  here.  Thia 
ia  a  conaervative  aaaumption  aince  many  paaaengera  auffer  additional  delaya 
due  to  miaaed  connectiona,  frequently  involving  overnight  ataya.  The  total 
number  of  paaaengera  involved  in  Ontario  diveraiona  during  1961,  both  de¬ 
planning  aa  well  aa  originating  waa  46.  000.  Thia  reaulta  in  a  minimum  of 
140,  000  houra  of  paaaenger  delay.  An  average  coat  of  paaaenger  delay, 
computed  elaewhere  in  thia  atudy  at  $6.  50  per  hour,  yielda  a  total  annual 
loaa  of  $910,  000.  00. 

Ferrying  Coata 

The  coata  of  ferrying  empty  jet  carrier  aircraft  from  Ontario  to  Loa 
Angelea,  when  the  weather  improved,  account  for  additional  penaltiea. 
Approximately  318  auch  ferry  flighta  were  carried  out  in  1961  at  an  average 
of  25  minutea  ferrying  time.  Thie  amounta  to  a  total  coat  of  $127,  000. 

Summary  Coata  of  1961  Ontario  Diveraiona 

The  total  economic  penalty  due  to  diveraiona  caueed  by  below  minimum 
weather  at  Loa  Angelea  in  1961  ia  therefore; 
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Olract  pasaaniar.  cargo  and  mail  handling  eoata 
Loaa  of  Paaaangar  Tima 
Aircraft  Farry  Coata 

TOTAL 


$  712.000. 
910,000. 
127. 000. 
£lj749j000. 


PROJXCTED  DOLLAR  LOfliCS  DUS  TO  ONTARIO  DIVERSONS  IN  THE 

mo  .  197S  PERIOD 


In  attempting  to  oatlmata  tho  growth  of  unaehodalsd  oporationa  at  Qatario 
la  tho  15  year  period  ahead,  eeveral  faetore  muet  be  eoaaidered. 

Pirat,  the  growth  in  number  of  turbojet  flighta  during  thia  period  into 
Loa  Angalaa  airport  will  be  amaller  than  the  iaereaae  in  carrier  Jet  flighta 
over  the  entire  U.  S.  The  traaacoatineatal  route  from  New  York  (or  Waahington, 
Baltimore)  to  Loa  Angelea  waa  the  firet  one  to  be  implemented  with  Jet 
equipment  and  eoaaequeatly  haa  already  achieved  a  good  proportion  of  ita 
growth  potential.  Thua.  while  nationally  the  number  of  Jet  flighta  are  pre¬ 
dicted  to  inereaee  from  a  total  of  130. 000  in  1960  to  3, 220. 000  by  1975 \  a 
ratio  of  25: 1,  Jet  flighta  into  Loa  Angelea  cannot  be  expected  to  increaae  by 
the  aame  factor.  A  conaervative  eatimate  can  be  obtained  from  the  fact  that 
the  preaent  inatallation  of  an  additional  runway  will  approximately  double  the 
acceptance  rate.  Moreover,  the  replacement  of  the  major  portion  of  the  re¬ 
maining  pieton  flighta  by  turbojet  equipment  la  eatlmated  to  increaae  the  total 
by  an  additional  50%.  Thua.  a  factor  of  3: 1  for  the  increaae  in  Jet  flighta 
into  Loa  Angelea  during  the  period  1960-1975  ia  conaidered  a  conaervative 
aaaumption. 

The  aecond  item  affecting  the  coat  of  diveraiona  into  Ontario  will  be  the 
additioa  of  permanent  ground  handling  facilitiea.  However,  aince  the  uee  of 
theee  facilitiea  ia  contemplated  only  lor  unacheduled  oporationa,  i.e. ,  during 
the  relatively  infrequent  perioda  of  diveraiona,  they  will  of  neceaaity  remain 
at  a  practical  minimum  for  obvloua  economic  reaaona.  In  view  of  thia  fact 
additional  equipment  and  ground  handling  peraonnel  will  continue  to  be  ahipped 
to  Ontario  whenever  required,  except  that  with  expanded  permanent  facilitiea 
thia  operatioa  will  likely  be  reduced. 

^"Eorecaata  of  Air  Traffic  Activity,  Oont.  U.  8. ,  1960-75",  FAA.  Traffic  Analyaia 
Branch. 
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Third,  ov«r  a  pariod  of  15  yoara  thara  will  ba  variationa  in  tha 
numbar  of  balow  minimum  daya  in  Loa  Angalaa  from  yaar  to  yaar.  Tha 
winter  of  1961-62  aaw  an  unuaually  high  numbar  of  divaraiona  aa  compared 
with  paat  yaara.  However,  it  ia  impoaaibla  to  predict  what  will  happen  to 
tha  local  weather  conditiona  at  Loa  Angalaa  in  the  future. 

Tha  laat  point  to  ba  made  here  ia  that  in  tha  yaara  to  come  there  will 
undoubtedly  ba  a  lowering  of  jet  minimuma.  Ultimately  it  ia  expected  that 
all  major  tarminala  will  ba  equipped  with  complete  all  weather  landing 
ayatema,  which  would  practically  eliminate  divaraiona  of  air  carrier  jeta 
at  theae  terminala. 

In  aumming  up,  all  the  above  factora  will  have  an  effect  on  the  future 
loeaea  due  to  diveraiona  at  Ontario.  The  trenda  to  counteract  each  other, 
thereby  partially  cancelling  out  any  increaae  or  decreaae  in  the  number  of 
diveraiona.  For  thia  reaaon  it  will  be  aaaumed  that  the  dollar  loaaea  due 
to  diveraiona  at  Ontario  will  remain  unchanged  in  the  1960-1975  period. 
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